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PEEFACE. 



The full adyantages of irrigation are best realised in 
dry tropical or semi-tropical countries, where rain falls 
only at long intervals. There, many a large tract of 
land, that is naturally barren and worthless, is, with 
this provision, seen to yield rich and abundant crops. In 
these countries irrigation is a commercial necessity, 
and large sums of money are profitably expended on it. 
In countries of Northern Europe, where the climate 
is humid and temperate, by far the largest outlay is 
incurred, not in irrigation works, but in draining 
lands which suffer from an excess of moisture. It can 
rarely be necessary, on such soils, except in periods of 
exceptional drought, to have recourse to the double 
and expensive process of subsoil draining followed by 
irrigation. Subsoil draining is in itself a protection 
against drought ; and deep tillage and frequent hoeing 
and stirring of the surface soil are to some extent sub- 
stitutes for rain, in the cultivation of plants. Still, in a 
climate like that of Britain, where the rainfall varies 
from 15 inches or less annually in dry districts in dry 
years, to 150 inches or more in wet districts in wet years, 
it would be strange if the extremes of drought and flood 
did not occasion, at different times and in different 
places, the need of irrigation as well as of drainage. 
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There are^ indeed^ few English farms that could 
noty in average years^ with a good command of water 
for irrigating crops, be made to produce far more 
largely than they do, and that without incurring out- 
lay upon costly engineering works. It is not very 
wide of the mark, perhaps, to affirm that English 
water-meadows are doubled in value by irrigation ; and 
a good supply of water has been known to increase the 
value of arable land from four to ten fold. 

But because the need of irrigation is not incessant, 
and because abundance of water is within reach of 
every farmer in this country, and can generally be 
drawn upon freely and without cost, the watering 
of crops in dry weather suffers unaccountable neglect 
amongst us. We have seen crops allowed to fail from 
drought, in situations where two or three furrows 
marked out by a plough, and connected with some 
neighbouring watercourse, could have been made the 
means of watering many acres of land. 

In countries where irrigation is not such a casual 
necessity as it is in our own, the agriculturists are 
more carefiil to adapt their lands for it, though in 
most cases they have to pay dear for the water they 
use, and often also have to raise it, at great additional 
expense, to the elevation of the lands to be watered. 

On small holdings, and especially in garden culture 
and upon market-garden farms, where the value of 
the produce is greater than in ordinary farming, the 
possibilities of irrigation, and the benefits of its 
practice, can scarcely be exaggerated, even in situations 
where considerable expense may be involved in obtain- 
ing and applying the necessary quantities of water. 

Agricultural water-supply, however, involves much 
besides the watering of crops. "With the live stock of 
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the f arm^ the need of water is more urgent than for 
irrigation, and the dependence of live stock on artificial 
supplies is more incessant. Only those who have had 
experience in stock-keeping on a large scale, in regions 
where there is little or no rainfall during many months 
of the year, can realise the full importance of this part 
of our subject. Horses and cattle require on the 
average about five gallons each, and a sheep about half 
a gallon, per day, in dry weather. On waterless 
formations, therefore, any means of rendering water 
easily come at does much to enhance the value of the 
land for grazing purposes. 

In the stock-yards, as in the pastures, a plentiful 
supply of wholesome water is a first necessity; yet 
what is the real state of matters in this respect, on 
many farms P A month's dry weather sees the water- 
supply exhausted ; or cattle are compelled to drink 
from a dirty duck pond, or from some stagnant hole 
which is too often the main receptacle for sewage and 
Hquid manure. Is it wonderful that animals com- 
pelled to drink such water are injured in health ? that 
epidemics break out amongst them P or that milk from 
cows so treated is a source of danger and disease to the 
consumers of it P 

The supply of water for agricultural engines is now 
only of secondary importance to the requirements of 
live stock; and water-power, for driving threshing 
and other machines, if not an absolute necessity, is 
certainly a great advantage in most situations. Every 
acre of land cultivated by steam requires about 100 
gallons of water for engine use, and it is of much conse- 
quence that this supply should be accessible at every 
site likely to be occupied by the engines in cultivating 
an entire farm. 



IREIGATION AND WATEE-SUPPLT 



LIST OF ILLUSTEATIONS. 



PIG, PAGE 

1 — 3 Bed-work Irrigation 35, 37 

4, 6 Sections of Main Feeders or Conductors ... 37 

6 Section of Sluice 41 

7 Wooden Stop 42 

8—10 Catch-work Irrigation 43, 44 

11 Side Irrigation with open Drains 47 

12 Pipe and Hose Irrigation 48 

13 Improved Nozzle for Shower Irrigation ... 50 

14 Irrigating by SurfEUje Pipes 60 

15, 16 Improved Water Carts 51, 52 

17 Hop Syringe 62 

18, 19 Terrace Irrigation 62 

20 Chain Pump and Liquid Manure Cart .... 80 

21 Distributor for attaching to Liquid Manure Carts . 80 

22 Garden Engine 81 

23 Driven Tube-well and Pump 99 

24 Watershed and Drainage Boundary .110 
26 Drawing Well-water by Buckets 118 

26 Well Windlass and Self-Tipping Apparatus . .119 

27 Steam Engine working Well Pumps . .120 

28 Centrifugal Pump worked by Horse-power .124 

29 Windmill working Well Pump 126 

30 Overshot Wheel working set of Pumps . .128 

31 Noria or Persian Wheel 129 

32, 33 HydrauHo Earn 130, 131 

34 Cistern Filter 146 



lEEIGATION AND WATEE-SUPPLY. 



CHAPTER I. 

lERIGATION.— THEORY AND EFFECTS. 

Irrigation is the watering of land at will. And 
artificial watering is all the more effectual, as well as 
all the more easy of accomplishment, from the fact 
that the need of it is not incessant, but may generally 
r be confined to a few months of the year. 

There are few farms, perhaps, that it would be 
advisable, even were it possible, to lay wholly under 
irrigation : at the same time, there are few farms that, 
in average years, could not have been made to largely 
increase their crops had they had full control of the 
necessary supply of water. 

On many farms which periodically suffer from 
drought, it is quite possible to control the water 
supply to a much greater extent than is done at 
present, and with the best results. Costly engineering 
works, by which water is conducted long distances for 
purposes of irrigation, are not practicable in general 
agriculture; yet many streams which now run by 
unutilized might be turned to account, and channels 
which now permit the escape of wintex x^Jm&TDA.^s^^^x^' 

B 
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many cases, be dammed with little expense, and the 
rainfall saved for irrigating the summer crops. 

On the prairies the plans would sometimes have to 
be different, and the expense would probably be 
greater ; but the results obtained would well reward 
the outlay. Where running streams and storage water 
were not available, tube- wells might be sunk at points 
where the water could be led across a vast plain, or 
down a valley, in irrigating streams and ditches, until 
it has been wholly absorbed by the soil. In Cali- 
fornia single wells are often made to irrigate sufBi- 
ciently hundreds of acres, by the aid of a reservoir into 
which their waters are discharged when the soil does 
not require them, and there retained until the thirsty 
soil calls for irrigation. 

Reasons for Irrigation. — Soils which do not contain 
more than 5 to 9 per cent, of moisture. Professor 
Church tells us, will yield none of it to the plant. 
Seeds, however, must absorb a very large quantity of 
water to induce germination. Young growing plants, 
also, require large supplies of water, and, indeed, all 
vegetable produce when in a growing state. The 
actual proportion is often 70 to 80 per cent., and some- 
times as much as 90 to 96 per cent. The whole of this 
water is absorbed by the plant through the soil, and 
none of it directly from the atmosphere. When the 
daily evaporation from the leaves exceeds the amount 
of moisture the plant can take up by its roots, the 
plant must wither and die: in other words, it suc- 
cumbs to drought. 

Professor Johnson says : " The great deserts of the 
world are not sterile because they cannot yield the 
soil-food required by vegetation, but because they are 
destitute of water . • • . Poor soils give good crops 
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in seasons of plentiful and well- distributed rain, or 
when skilfully irrigated ; but insufficient moisture in 
the soil is an evil that no supplies of plant-food can 
neutralize." 

The reason of this is obvious ; for, in addition to the 
water which enters into vegetable composition, plants 
can only take up their food in a fluid condition. Lawes 
and Gilbert, at Rothamsted, proved that an acre of 
wheat in five months and eighteen days evaporated 
through its leaves 335 J tons of water. Every drop of 
this water was more or less instrumental in transport- 
ing an atom of food from the soil to some part of the 
plant, and when the deposit was made, the water 
which was no longer needed passed off through the 
leaves. 

The reasons for irrigation are summed up by Pro- 
fessor Church* as follows : — 

"1. To make up for the absence of irregular seasonal 
distribution of rain, or for a local deficiency of rain- 
fall. 

" 2. Sometimes a particular crop is irrigated because 
the plant is of an aquatic or semi-aquatic nature. 

" 3. To encourage early and rapid growth, by warmth 
of the water, or by the dissolved plant-food which it 
contains. 

"4. That the land may be enriched and its level 
raised by means of the deposit from the water.'* 

The third of these reasons, he points out, " is the 
determining cause of nearly all the artificial watering 
of land in temperate climates. It is not performed 
because the soil is dry and hot, for it is carried out 
mainly in the wettest and coldest months of the year. 
It is not performed because the crop to be raised is of 

* "End. Brit.," 9tli od., art. IiT\^«t\A.Q.Ti. 

B 2 
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an essentially aquatic nature, for ordinary grasses and 
meadow herbage are principally watered. But it is 
performed that growth may be stimulated and fed 
through certain agencies which the water brings to 
bear upon the vegetation in question.'' 

Effects on Soil, — " The immediate effect of irrigation 
upon the consistence of the soil is to soften it and render 
it more easily penetrable by the plough and by the 
roots of the plants. Hence, in dry climates, water is 
frequently applied before ploughing, at the rate of 
about 400 to 500 cubic yards per acre, or barely 
enough to loosen the earth to the depth of a foot with- 
out drenching it. But it is most important to observe 
that the ultimate effect of long-continued irrigation is to 
condense and harden the surface to a very inconvenient 
degree. 

" Irrigation affects the quality of the soil by intro- 
ducing into it common air and other gases, and vege- 
table and mineral matter held in suspension or solution 
by the water. In most cases the substances so intro- 
duced are beneficial to vegetation ; but in some they 
are highly noxious. Even the water of large rivers 
sometimes, as has been observed in India, deposits on 
the surface, or introduces into the texture of the soil, 
salts, which in the course of time render it wholly 
sterile," 

It likewise acts upon arable soil by facilitating 
the decomposition of soluble organic and inorganic 
matter contained in it, and carrying off such matter 
from it. The extent of this latter action is disputed ; but 
it must be considerable, for constituents of vegetable 
growth have been found in under-drain water from 
cultivated fields ; and large tracts of ground, impreg- 
nated with salts to such a degree as to make them 
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incapable of cultivation, have been rendered fertile by 
washing with fresh water. 

On undrained land, irrigation often injuriously 
affects the subsoil by charging it with water which 
stagnates in it, and renders it cold and sour to the 
roots of plants which descend into it. 

It also exercises an important influence on the water- 
supply of lands lying at a lower level, by diverting 
from their natural channels streams which originally 
flowed through such lands ; and on the other hand, 
by discharging upon their surface surplus waters from 
irrigated fields, or by saturating them with water, con- 
veyed to them from such fields by subterranean infil- 
tration. These effects are seen, not only in the soil 
itself, but in the diminished or augmented volume of 
spring and well water. 

Finally, irrigation modifies the temperature of the 
soil beneficially or injuriously by communicating or 
abstracting heat, and by promoting evaporation from 
the surface, which is necessarily attended with some 
cooling of the ground.* 

Effects on Vegetation, — Watering the soil promotes 
the germination of the seeds of cultivated plants, and, 
unfortunately, of weeds ; and water is in, and of itself 
a necessary element of vegetable growth. Besides this, 
it is never quite free from extraneous matter, and it 
always contains, in solution or in suspension, foreign 
substances useful or injurious to vegetation. Hence, in 
climates and on soils where the natural supply of water 
is insufficient for the normal growth of plants, remu- 
nerative agriculture is impossible without artificial 
arrangements for procuring and administering it. 

In many cases, however, although the quantity of 

* Professor-JohnaoTL. 
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the product is increased, there is a deterioration in 
the quality of it. There is no doubt that all crops 
which can be raised without watering are superior 
in flavour and in nutritive power to those grown by 
the aid of irrigation. Garden vegetables, in particular, 
when profusely watered, are so insipid as to be hardly 
eatable. Comparative weight is, therefore, not always 
a true test: the heaviest potatoes, for example, are not 
the best. 

" Moderate irrigation of herbaceous plants," says 
an Italian writer, " accelerates their germination and 
growth, but it checks the ripening of their seeds; and 
if water is applied in excess, it renders their texture less 
firm and substantial, and at the same time more subject 
to decomposition and waste.'' 

Theory of Irrigation. — "Although," remarks Pro- 
fessor Church, "in many cases it is easy to explain 
the reason why water, artificially applied to land, 
brings crops or increases the yield, the theory of our 
ordinary water-meadow irrigation is rather obscure. 
For we are not dealing in these grass lands with 
a semi-aquatic plant like rice, nor are we supplying 
any lack of water in the soil, nor restoring the 
moisture which a plant cannot retain under a burning 
sun. 

" We irrigate chiefly in the colder and wetter half of 
the year, and we ' saturate ' with water the soil in 
which are growing such plants as are perfectly content 
with earth not containing more than one-fifth of its 
weight of moisture. 

"We must look, in fact, to a number of small 
advantages, and not to any one striking beneficial 
process, in explaining the aggregate utility of water- 
meadow irrigation. 
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" We attribute the usefulness of water-meadow irri- 
gation then to the following causes : — 

" 1. The temperature of the water being rarely less 
than 10° Fahr. above freezing, the severity of frost in 
winter is thus obviated, and the growth, especially of 
the roots of grasses, is encouraged. 

" 2. Nourishment or plant food is actually brought 
on to the soil, by which it is absorbed and retained, 
both for the immediate and future use of the vegetation. 

*'3. Solution and redistribution of the plant food, 
already present in the soil, occurs mainly through the 
solvent action of the carbonic acid gas present in a 
dissolved state in the irrigation water. 

"4. Oxidation of any excess of organic matter in 
the soil, with consequent production of useful carbonic 
acid and nitrogen compounds, takes place through the 
dissolved oxygen in the water, sent on through the 
soil, where the drainage is good ; and 

" 5. Improvement of the grasses, and especially of 
the miscellaneous herbage, of the meadows is promoted 
through the encouragement of some, at least, of the 
better species, and the extinction or reduction of mosses 
and of unnutritious weeds." 

Drainage in connection with Irrigation, — Irrigation is 
only useful when the water is entirely at command, 
both to lay on and to take off at pleasure. Drainage is, 
therefore, a necessary preparation for irrigation. 

Any want of good management on this point will 
entail loss and disappointment. This applies, not 
merely to the period of intermission which may be 
advisable between the waterings, but also, on stiff 
soils particularly, to the thorough under-drainage of 
the land. 

It need not be feared that the thorough drama.%<;^ ^5^^ 
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irrigated lands will do more harm than good by wash- 
ing the most valuable constituents of plant food out 
of the soil. Phosphoric acid and potash, which are 
the most valuable components of soils and manures, 
Dr. Yoelcker tells us, are retained in the land almost 
entirely ; while lime, magnesia, sulphuric acid, 
chlorine, and soluble silica, the less important because 
more abundant and widely distributed mineral matters, 
pass into the water of land-drainage in considerable 
proportions. There may be a loss of nitrogen, however, 
if the land has been manured with a nitrate, and its 
application is immediately followed by irrigation. Still 
the good effects of drainage will always far more than 
compensate for any losses which may occur in this way. 
Impoverishing Effects of Irrigation, — Water, as has 
been pointed out, stimulates production by its solvent 
action on the constituents of the soil and of manures. 
But for this very reason, prolonged irrigation is apt to 
become injurious, unless the water is rich, or unless 
adequate manuring, cultivation, and drainage attend 
its practice. In well irrigation especially, and also in 
canal irrigation, the water used is often of little fer- 
tilizing value, and unless it is rationally used, the re- 
sults must be disappointing. For the first year or two 
after it is brought into play it will probably increase 
the crops ; but without the concurrent application of the 
agencies already mentioned for maintaining fertility, it 
must eventually reduce the productive power of the soil. 
This is exactly what has happened in certain districts 
of Upper India, where well and canal irrigation has 
been persisted in for years and generations even, with- 

/put any attempt at sustaining fertility by the appli- 
cation of manures, or to lessen the impoverishing effect 

^ the water by good drainage and cultivation. 
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"The real reason/' says Colonel Corbett,* "of the 
falling off in the produce of canal-irrigated lands 
appears to be the consolidation of the pan by the 
treading of the cattle in ploughing, and the hardening 
of the upper soil in irrigation. This causes shallower 
ploughing, the roots of plants have less depth of soil in 
which to search for food, and cannot force their way 
into the hardened pan; and there is the alternate 
soaking and drying of the land, during which the 
natural salts of the earth are gradually brought nearer 
the surface by capillary attraction. 

" This process may go on for some years before the 
lands show any excessive amount of reh on the surface ; 
but the soil is steadily being poisoned by its accumu- 
lation near the surface, which accounts, together with 
the increased hardness of the soil, for the diminished 
fertility of lands some time under irrigation.'* 

Influence of Tillage in mitigating Drought, — Hoeing 
and frequent stirring of the soil are good substitutes for 
rain. Those parts of the garden that are most fre- 
quently cultivated show the best results in dry weather. 
A deep, well -manured soil suffers much less from 
drought than a shallow soil. TJnder-draining also is a 
safeguard against drought. The course of the drains can 
easily be traced in a dry season by the ranker growth 
of vegetation above them. 

Deep cultivation keeps the soil loose and open, and 
allows the water to sink into it and escape evaporation. 
In the case of deep cultivation generally, over a 
country, more especially a level country, there is a 
reservoir of water under every field sufficient to supply 
the wants of vegetation, held there by the soil itself. 

A writer in the American Agriculturist states that, 

* " On the Climate and Resources of Upi^et tc^^'abr 

B 3 
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since some of the great plains of America have been 
broken up by the plough, a great amelioration of local 
climate has taken place. ''As soon as the tough sod 
has been ploughed, and the soil been mellowed and 
made absorbent, the rain soaks into the ground instead 
of flowing off, and, percolating through the subsoil, 
supplies springs, which break out in low spots and fur- 
nish water for new rills and brooks. The atmosphere 
is no longer parched, but becomes moist, and its former 
extreme variations of temperature do not occur. The 
climate changes, and the moisture of the air and the 
consequent rainfalls are increased. A new circulation 
is established, and the storms and showers are those 
of a temperate instead of a torrid zone. Facts have 
shown that these conclusions are correct, and the 
observations taken in many places near the hundredth 
meridian, and eastward to the Missouri Biver, indicate 
a greatly increased rainfall, the increase amounting, in 
many cases, to several inches a year. Farmers no 
longer fear disastrous droughts, and there are few 
localities where their business is safer.'' 



CHAPTER II. 

PRACTICAL ADVANTAGES OF IRRiaATION. 

In a climate like that of tlie British Isles, one can 
scarcely realise the full advantages which attend irri- 
gation in tropical and semi-tropical countries. In 
California and Mexico, in Egypt and India, in parts of 
Southern France, Spain, and Italy, and elsewhere, 
where rain falls only at lengthened intervals, there are 
vast tracts of land, now contributing bountifully to the 
world's commerce and industry, that would be absolutely 
barren and worthless but for this provision. 

In the South-western States of America there are 
many million acres of the most splendid land now 
lying idle and waste, unable to find purchasers at 
even nominal prices, because, without the means of 
irrigating and watering them, they are practically use- 
less both for cultivation and for stock-raising. Yet 
the very same lands, which go a-begging at fifty cents 
an acre, in their natural state, when a supply of water 
has been brought to them, are eagerly purchased at $5,* 
$10, and even in some cases at $20, and upwards, per 
acre. 

In Colorado, where land is of little value to the 
farmer unless water is assured, Mr. Pabor tells us that 
a quarter-section (160 acres) becomes worth at least 

* 1 dollar = 4s. 2d. 
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$10 per acre when an irrigating canal has been built. 
Water has a commercial value of $15 per acre, when in 
the shape of a water-right, which is a perpetual claim 
upon a canal for a certain amount of water each year. 
When water is rented by corporations to consumers it 
has a yearly average value of $2 per inch, running 
continuously throughout the growing season, which 
amount is considered sufficient to irrigate one acre of 
grain land. 

In Madras, taking an average of thirteen improve- 
ments, irrigation shows a net annual gain in revenue, 
after deducting all charges, of 134 per cent, per 
annum on the capital. 

In Spain, unwatered land of the first quality sells for 
£32 per acre ; when irrigated, the same lands bring 
£128 per acre. In the same country, second-class land, 
selling at £20 per acre, is at once increased in value to 
£100 per acre ; third-class land, worth £12 per acre, 
is increased to £72 ; fourth-class land, worth £6 per 
acre, is increased to £60, when irrigated. A good 
supply of water thus increases the value of land from 
four to ten fold. 

In Italy, the increase due to irrigation is also very 
great. Mr. Jackson puts it at 60s. on sandy soil, and 
at 40s. on clayey soils, per acre, annually; which is 
obviously an under estimate if these figures are meant 
to represent the increase of produce due to irrigation, 
but would probably be near the increased rental 
value. 

In France, where irrigation is not an absolute neces- 
sity, as in Spain and Italy, it is generally considered 
that land is worth 50 per cent, more when it can be 
irrigated than when it cannot. In Vaucluse, according 
to Mr. Moncriefi*, the rental of good land is about 
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£3 4s. unirrigated ; if irrigated, it rises to about 
£4 3s. per acre. 

In England, where irrigation is chiefly confined to 
the watering of meadows, the produce of grass is at 
least doubled by the operation. In favourable situa- 
tions, and in good seasons, an irrigated meadow affords 
— (1) Early spring grass to feed stock, in particular 
ewes and lambs ; (2) a good crop of hay ; and (3) a 
good crop of after-math. A dry meadow of the same 
quality would only afford — (1) an inferior crop of hay ; 
and (2) an inferior after-math. 

It is not, perhaps, too much to assume that the 
meadow will be all the spring crop the better by 
watering. 

To give these advantages a money value, it may be 
said that, in England, if a dry meadow of good quality 
is worth £2 per acre to rent, the same land, irrigated, 
will probably be worth £6 per acre. 

Water meadows not only afford grass at an unusual 
season, and when most wanted, but the hay crop is 
more certain and larger ; and the land requires no 
manure. These advantages may well be worth an 
additional £3 per acre on good land ; while upon poor 
land the increase will be proportionately greater. 



CHAPTER in. 

CIRCUMSTANCES FAVOURING IRRIGATION. 

Water Supply, — The first consideration, and one 
common to all lands, is the question of water-supply, 
and the possibility of applying that water, or a por- 
tion of it, for irrigation purposes. 

Where water can only be procured by sinking or 
boring wells, or by storing rain or flood water in tanks 
and reservoirs— or where the lands are on a higher 
level than the source of supply, and the water has, 
consequently, to be raised by artificial means — the 
cost in either case may be greater than the profit to be 
derived ; and under such circumstances irrigation will 
often be deemed impracticable. 

Streams, where they exist, furnish the most ample 
and most economical supply of water. This is par- 
ticularly the case when the water can be taken directly 
from the stream, and brought upon the field by a short 
conductor. 

Springs are often advantageously situated for irri- 
gating lower lands by gravitation, and will, as a rule, 
furnish more water than would be suspected. A con- 
tinuous flow of 1 cubic foot of water per second, 
during twenty-four hours, is sufficient to cover four 
acres of land to a depth of nearly 6 inches. One such 
spring would, therefore, suffice to irrigate many fields. 
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watering them alternately. Where several small 
springs occur near each other^ connecting drains can 
often be put in, and the waters collected and brought 
into one channel. 

Canals which serve for irrigation are frequently only 
conveyers of water from distant rivers, or from natural 
lakes. If a canal is formed with the express object 
of watering a given area of land, the capacity of the 
canal should be large enough to provide a flow con- 
siderably in excess of the actual quantity of water 
required. Where the water has to be carried a long 
distance, and the soil is porous, the loss by filtration 
and evaporation may amount to 25 and even 33 per 
cent. 

Catch-water Tanks and Reservoirs, — In many cases 
where irrigation is carried on, the supply of water is 
obtained by impounding the winter rainfall for use 
during the dry season. The flood- water, in very dry 
districts even, when stored and made available at the 
right season, is found amply sufficient for the pro- 
duction of good crops. 

Assuming that an inch of water is the least quantity 
that should be applied at each watering, this, over one 
acre of surface, is equal to 3,630 cubic feet, or 27,152 
gallons. To irrigate 30 acres once, at this rate, would 
require a tank capacity of 108,900 cubic feet, or a tank 
exactly J acre in extent and 10 feet deep ; and to irri- 
gate 30 acres four times, or 60 acres twice, would re- 
quire a tank four times as large, or 1 acre in extent and 
10 feet deep. 

A tank or reservoir can often be formed by merely 
erecting a dam or embankment to impound the water 
in a natural basin or ravine. Indeed, it will seldom 
pay to make a ground-tank where the im^oiiadvcL^ 
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basin has to be wholly excavated- A tank 1 acre in 
extent and 10 feet deep contains 16,133 cubic yards of 
earth, measured in place ; and this cannot, under the 
most favourable management, be removed for less than 
2d. per yard, or £134 8s. lOd., and generally the cost 
will reach 4d. per cubic yard, or even more. Even at 
the smaller sum the outlay would be even £4 10s. per 
acre for 30 acres ; and there are few cases, perhaps, 
where it would pay a tenant farmer to incur that 
expense, although the improvement would be perma- 
nent, and would ultimately, no doubt, repay itself. 

Wells. — Where no better method of procuring water 
can be devised, wells may be resorted to. The great 
objection to wells, however, is not merely the first cost, 
but generally the after-expense of raising the water. 

Artesian wells are often recommended as a source of 
water for irrigation; but they cannot always be de- 
pended upon for this purpose, as few of them can yield 
an adequate supply of water. At the best " wells can 
only be depended upon for such a small supply as 
would serve to irrigate a garden or small market farm, 
where the large value of the crops admit of raising 
water for a lengthened season, and storing it in reser- 
voirs for use in emergencies. The idea that artesian 
wells may be made a source of supply for completely 
irrigating large tracts of land, if ever held by over- 
sanguine persons, must be abandoned. For partial 
irrigation they may be made available ; but the 
quantity of water needed for the irrigation of a few 
acres of land only, in localities where there is no 
summer rainfall, as upon our western plains, is far 
beyond the capacity of any artesian well to supply, 
unless it be one of extraordinary volume. 

"Not long ago the Scientific American editorially 
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announced that one artesian well would supply a farm 
of 640 acres upon the plains with water for irrigation, 
and would also form a nucleus for many large stock 
farms. 

" The late Horace Greeley, who, although an enthu- 
siast upon this subject, was more nearly correct, thought 
one artesian well would serve to irrigate a quarter- 
section of land, or 160 acres. 

" An artesian well, 6 inches in diameter, would give 
a stream of 28 square inches, and would deliver 32 
quarts per second, if the flow were at the rate of 4 
miles an hour. 

** Such a well would furnish an inch of water per 
day for 28 acres, or an inch a week for 196 acres, 
which would be a very insufficient quantity to irrigate 
dry open soils in places where the climate is arid. 

" The cost of such a well would be at least $5,000 
to $10,000, or more than the value of the land when 
irrigated." * 

It will be seen from what follows in another chapter 
that these estimates of the capacity of artesian wells 
are far short of the results actually obtained by sink- 
ing wells in Australia and elsewhere. Tube-wells, 
too, can be put down at a comparatively trifling ex- 
pense, compared with the outlay which has in many 
cases been incurred in sinking artesian wells. 

The multiplication of wells in any district, it need 
scarcely be remarked, has the effect of lowering the 
spring level. This creates a necessity for deeper wells, 
causing the water to be raised from a greater depth, 
and entailing more expense. 

Use of Drainage Water for Irrigation. — It will some- 
times happen that drainage water can be utilized for 

• Stewart, "Irrigation for the Farm, Gaxd^six^ ^wdLO^OoKc^r 
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irrigation purposes ; but we by no means advocate the 
theory sometimes advanced that drainage is imperfect 
unless accompanied by irrigation. We do not admit 
the general truth of the proposition that on wet soils it 
is necessary to have recourse to the double and expen- 
sive process of deep draining, followed by irrigation. 
There is, doubtless, a certain medium depth of drain, 
dependent of course on the nature of the soil and sub- 
soil, which will remove the excess of moisture in wet 
weather, as from a sponge saturated with water, and 
yet retain, like a damp sponge, sufficient moisture for 
the purpose of vegetation in dry weather. This object, 
as already explained, may be greatly promoted by deep 
and frequent cultivation. When the drainage water 
from high lands can be used in irrigating lower lying 
lands which are naturally in want of moisture, it may 
be done with advantage. 

Sittmtion, — The lands that admit of irrigation with 
most success are such as lie in low situations on the 
borders of rivers, or in sloping directions on hill-sides, 
where a command of water can be obtained from higher 
ground. The latter may often be irrigated more profit- 
ably than the former, for they are usually less pro- 
ductive in their natural state; while they can be 
watered at less expense for laying out the ground and 
with a less quantity of water. In tank or well irriga- 
tion, or where there is an impounding reservoir, the 
situation of the lands to be watered is comparatively 
immaterial, provided the source of supply is at a higher 
level. 

Soil. — The soils best adapted for irrigation are those 
of a light and porous nature, such as sands and gravels. 
Clay soils, and also peat soils, are not so often benefited 
by it, except in dry and tropical climates, where the 
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nature of the soil is of less importance than the 
ability to give it an artificial watering in seasons of 
drought. 

These remarks, of course, have reference more par- 
ticularly to the surface soil. A retentive surface soil 
prevents percolation, favours evaporation, and cools the 
land, which are serious disadvantages in irrigation ; 
while a retentive subsoil, underlying a porous surface 
soil, may be a great advantage in dry climates, as it 
economises water. 

Heavy or clay soils must always be thoroughly 
under-drained before they can be successfully irrigated. 
They will also be farmed with most profit when laid 
down in pasture, for irrigation adds considerably to 
the labour and difficulty of working them. 

The relations of soils to water are extremely various, 
as will appear from the following table : — 



Loose sand . 
Ordinary clay soil 
Loamy soil . 
Strong clay soil . 
Garden soil 
Peat . 



Percentage 

of water 

absorbed. 


Percentage of 
water evapo- 
rated. 


26 


88-4 


40 


62- 


61 


45-7 


61 


34-6 


89 


24-3 


181 


26-6 



M. Debay classifies soils for irrigating purposes 
under three heads : (1) Sandy Soils ; (2) Argillaceous 
Soils ; (3) Marshy Soils. Of these he gives the highest 
value to sandy soils, the best being a clayey sand, 
warm, dry, and having some portion of marl in its 
composition. The finer the grain of the sand, the 
better adapted is it to irrigating purposes. One feature 
connected with the irrigation of sandy soils is, the 
abundance of reeds and rushes which they will ^todsvsifc 
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when first placed into water ; but these will gradually 
disappear as the plants of a higher class of vegetation 
increase. Of the argillaceous soils it may be said that 
the more tenacious and impermeable they are, the worse 
adapted are they for irrigation; and in such cases, 
where irrigation is adopted, deep drainage and deep 
cultivation are most essential. Marshy soils are the 
least valuable of all for irrigating purposes ; but when 
well drained and managed they are capable of large 
yields. 

Climate. — The success of irrigation depends in a 
great measure on the climate. It answers better in 
a dry climate than in a moist one, and where heavy 
wet seasons alternate with severe droughts, it will only 
be beneficial in the dry seasons. It will also be more 
profitable in a mild and genial climate than in one less 
propitious ; as under the former circumstances it will 
not only afford more ample crops, but also a greater 
number of them, and more certainty of turning them 
to good accoimt. 

Where the climate is fine, irrigated meadows, for 
example, will yield three crops ; first an early and 
valuable pasture for ewes and lambs ; next a crop 
of hay; and, latterly, an after-math or good pas- 
ture. 

In less favourable situations, only two crops can be 
obtained — one of hay and one of pasture ; and neither 
of them so rich, nor so capable of being turned to great 
profit. 

The question of rainfall is here, of course, all impor- 
tant ; and not merely the amount of annual rainfall, 
but its distribution over days and weeks at various 
periods of the year. 

Crops adapted for Irrigation. — Almost any crop may 
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be raised by irrigation, but some plants flourish better 
under it than others, as the object and purpose of irri- 
gation is merely to supply the natural wants of the 
plants, and not to stimulate them to an undue or ex- 
cessive growth. The careful irrigator will study the 
wants of the plants he grows, and also the character of 
the soil he cultivates. 

In our own temperate and humid climate, and in 
various other countries of Northern Europe, grass 
meadows seem to be most benefited by irrigation ; but in 
warm Southern Europe, Egypt, India, and other parts, 
irrigation is chiefly applied to arable lands and crops. 
It is worth noticing, perhaps, that while in the latter 
countries irrigation is a commercial necessity, and 
large sums of money are profitably expended on it, 
in the former countries, where the climate is humid 
or temperate, by far the largest outlay is incurred, 
not in irrigation works, but in artificially drain- 
ing lands which sufler from a superabundance of 
moisture. 

Of all the cultivated grasses and leguminous plants, 
rye-grass and lucerne are the two which yield the best 
results tmder irrigation. The difierent species of cab- 
bage, beet, and turnip thrive well with occasional 
waterings ; as do also grain crops, up to the period of 
inflorescence, after which watering becomes injurious 
to them, except for a very short interval when the 
grain is filling. 

Many of the plants cultivated for industrial purposes 
cannot well be grown without artificial supplies of 
water at certain times. Too much water injures them ; 
yet much of their success depends on their receiving 
a regulated abundance of moisture. Madder (JRubia 
tinctorum), the sugar-cane {Saccharum oj5ic\naTuw>^» «cA. 
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many other important plants of commerce are of this 
character. 

The rice plant, and a few others of aquatic or semi- 
aquatic habits, are extensively grown under swamp 
irrigation. Watercress is also raised on a large scale, 
in the neighbourhood of most large cities, under very 
similar conditions. 



CHAPTER IV. 
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Clear water, especially if it proceeds from a spring 
in the same field, produces early and plentiful grass, 
but not of a good quality ; and the land remains unim- 
proved after many years' watering. We have seen the 
same unsatisfactory result where meadow irrigation 
was commenced by drawing water from a stream which 
has its source in the overflow of a lake. The stream is 
too pure for this purpose, leaving the richer particles 
in the lake whence it flows. The water, when first 
applied to the meadows, had the effect of eradicating 
moss, and helped to decompose waste vegetable matter ; 
and it, therefore, for a time acted as a stimulus with 
seeming advantage. But when the meadows were 
annually mown, without an occasional top-dressing, the 
system in the end produced comparative exhaustion. 
It must be the same in many other places, where there 
is no extraneous matter in the irrigating stream, and 
where irrigation is begun without attending to local 
circumstances. 

Thick and muddy waters, which convey along with 
them a rich and nutritive top-dressing and deposit it 
on the land, are productive not only of temporary but 
of permanent improvement, enriching the soil itself as 
well as the immediately following crop. In Southern 
France, Mr. Moncrieff * tells us, the difference between 
the meadows irrigated with the silt-bearing waters of 
the Durance canals, and those of the clear cold Lorgues, 
is so marked that cultivators prefer to pay for the 
former ten or twelve times the price demanded for the 
latter. 

Artificial richness is sometimes given to waters used 
for irrigation, as when the water is taken from the 
very bottom of a stream in order to carry as much 

* " Irrigation in Southern Europe.'* 
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sediment as possible along with it on to the land, or 
where the drainage of sewers is conducted into the 
irrigating channel. Sewage irrigation, liquid manur- 
ing, and the use of light manures dissolved in water, 
ofEer the same advantages in a fuller degree, and will 
be dealt with in more detail farther on in this work. 

Eriver waters, — especially such as carry much sus- 
pended matter, and such as have received town sewage, 
or the drainage of highly manured land, — are more 
suitable for irrigation than water from tanks, wells, or 
springs. Streams in which fish abound are always 
considered good for irrigating with. " Hard " waters 
are also considered better than "soft'' waters; this 
hardness being due to the presence of sulphate and 
carbonate of lime and magnesia, ingredients which are 
highly favourable to fertiKty. It is for this reason 
that water coming from the chalk formation is so good 
for irrigation purposes. So again with the water that 
comes from a granite formation, for it is rich in potash. 

Water from forests, moors, and peat bogs, or from 
gravel or ferruginous sandstone is, as a rule, of small 
utility so far as plant food is concerned. Water con- 
taining much hydrous oxide of iron is generally con- 
sidered very bad for irrigation ; yet Sir John Sinclair 
tells us that the famous Presley bog in Bedfordshire is 
strongly impregnated with iron, and that even the 
water used to irrigate it is partially affected by it. 
Running water from mines is highly inimical to vege- 
tation ; and amongst other injurious sorts of refuse 
which can find their way into irrigating streams, are 
the chemical wastes from mills and factories in which 
the processes of dyeing, paper-making, metal- working, 
&c., are carried on. 

Chemical analysis is the most 8atiafae.\.OT5 \.^%\» ^^^v^'^ 

c 
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quality of a water before it is used in irrigation ; but 
some estimate of its probable effects may be formed 
by observing the natural products, the grasses and 
other plants, that grow on the banks and borders of 
the irrigating stream. We do not pretend to give a 
list of the particular plants which will aiOford this 
criteria of excellence in every place, for they will be 
found to vary with the soil and climate; but every 
farmer knows the plants which in his district will 
afford this indication of quality in the water used to 
irrigate with. " As a rule," says Mr. R. Scott Bum, 
"the water is of excellent quality if water-cresses 
{Nasturtium officinale), the aquatic ranunculus {Ranun- 
culm aquatilis), grow near it ; or other plants, such as 
the pond weeds {Potamogeton perfoliatus, or P.fluitans), 
and the speedwells ( Veronica anagallis, or V. Beccabunga), 
The following plants grow in the neighbourhood of 
water of middling quality : Sium cutifolium, 8. angus- 
tifolium, the mints (menthce) . If no plants are observable 
save the mosses and the sedges ( Carex acuta and C. stricta) , 
the quality of the water may be considered as bad." 

Quantity of Water required. — On this point it is 
impossible to lay down any rule, as the quantity of 
water required for irrigating land so much depends on 
the climate, the nature of the soil, the object of water- 
ing, and the crop grown. 

The more arid the climate, the greater of course the 
demand for water. 

The composition and texture of both the super and 
subsoil greatly influence the amount of water required. 
M. Gasparin states that a soil containing 20 per cent, 
of sand needs irrigation once in fifteen days, while with 
80 per cent, of sand it requires irrigation once in five 
days. A gravelly or sandy subsoil will allow of almost 
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unlimited percolation ; whilst, if it be clayey and reten- 
tive, percolation is reduced to a minimum. 

The object of irrigating may be merely to make up 
deficiencies of rainfall and provide sufficient moisture 
in the soil for the support of a crop ; or it may be for 
the sake of depositing on the land the fertilizing 
matters which are conveyed by the water. If the 
latter is the object in view, very large quantities of 
water may have to be used to produce the required eflFect. 

In Northern Europe, for example, where irrigated 
meadows are common, large quantities of water are 
allowed to flow over the fields ; the principal object 
being to manure the land by the sediment thus depo- 
sits. In the warmer climates of Southern Europe, 
India, &c., on the other hand, irrigation is only used to 
moisten the ground, and to supply by artificial means 
the want of rain, which is so much felt at times in 
those countries ; and thus it is that the watering 
which would be effectual in the latter case would be 
deemed altogether insufficient for the water-meadows 
of Northern Europe. 

Peculiarities of climate and soil, together with the 
object of watering, will generally have more influence 
on the amount of water required for irrigation than 
the kind of crop grown. Nevertheless some crops call 
for very much larger supplies than others. 

The crops watered are usually classed in the follow- 
ing order, with regard to their special treatment and 
the amount of water they require : — 

1. Grass meadows. 

2. Lucerne, rye-grass, and other cultivated forage crops. 

3. Cabbage, turnips, &c. 

4. Beans and peas. 

6. Wheat, oats, barley. 

6. Sugar-cane, tobacco, indigo, madder. 

7. Rice. 

8. Gardens and fruit-grounds. 

c2 
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The quantity of water supplied during the season — 
whicli in Europe is only about six months in the year, 
say from April to October — to ordintiry ploughed or 
hoed field crops varies from 20 to 40 inches. In the 
rice fields, of course, this amount is vastly exceeded ; 
as it is also in the water meadows and many other 
grass grounds. The proper quantity, as well as the 
season for applying it, must necessarily vary under any 
particular soil and climate. 

A flow of water, equal to 1 cubic foot per second, 
will cover 4 acres to a depth of nearly six inches in 
twenty-four hours ; and, continued one hundred days, 
it will cover 400 acres to the same depth, or 200 acres 
with 12 inches of water. A cubic foot of water per 
second throughout the season has been found sufficient 
to irrigate from 30 to 90 acres of rice, according to the 
rainfall of the district. 

Moncriefl* gives the following table, by M. Conte, show- 
ing the acreage of each crop watered on the St. Julien 
Canal, and the amount of water required for each, as a 
fair specimen of the irrigation of Southern France : — 





1. 

Sur&oe 

watered. 


2. 

Percentage 
borne by 

each to the 
whole. 


3. 

Number of 
acres of 

each, irrig- 
able per 

cubic ft. per 
secoua. 


4. 

Quotient of 

column 1 by 

columns. 


Dischai^in 

cubic ft. per 

second. 


Acres. 


Gardens .... 
Meadows . . . 
Lucerne grass . . 
Beans .... 
Madder .... 
Chardon. . . . 
Sundry other crops 


1183-9 
789-3 
692- 
690-6 
394-6 
296- 

33401 


16- 
10-8 

8- 
10-2 

6-3 

4- 
45-7 


28 

70 

70 

50 

168 

184 

454 


42-6 
11-3 
8-4 
13-8 
2-3 
1-6 
7-3 


Total . . 


7286-5 


100- 




87-3 



WATER FOR IRRIGATION — QUALITY AND QUANTITY. 29 

The table gives a mean duty of 83*4 acres watered 
during the six months of irrigation, per cubic foot per 
second. But, as Mr. Moncrieff points out, the large 
area classified as sundries makes this result of little 
value, many of the crops included in this area being only 
watered in an emergency, and not regularly, like some 
of the other crops. If, for example, a vineyard is 
looking drooping, or a field of wheat turning prema- 
turely yellow, it gets a watering. In cases of great 
droughts, wheat is occasionally watered as many as 
three times. 

The meadows are watered from about every seven tc 
about every fifteen days, and yield three crops in the 
season. Lucerne grass is irrigated about as often as 
the ordinary meadows, is cut every month, and yields 
five or six crops during the season. Beans are irri- 
gated every five days. Madder is not often irrigated 
more than three or four times after being planted 
out, the last time being immediately before it is 
dug up.* 

In Piedmont and Lombardy, Mr. Jackson tells U8,t 
one cubic foot per second waters 50 to 100 acres of 
grass land, or only 40 acres of rice. In the Madras 
Presidency, and in the North-west provinces of India, 
one cubic foot per second waters, in ordinary seasons, 
100 acres of rice, or other very wet cultivation ; in 
very dry seasons 50 acres. The highest duty actually 
performed in Central India is about 270 acres per 
cubic foot per second. 

The following tables, by Mr. Jackson, furnish 
some useful details in regard to Italian irriga- 
tion : — 

* Moncrieff, "Irrigation in Southern Europe.'* 

t " Hydraulic Manual.** (Croaby LiOoVwoo^ & Vlo>i 
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I. 





Abeorbed. 


Utilised. 


Expended. 


Meadow. 


Arable. 


Meadow. 


Arable. 


Meadow. 


Arable. 


Volume of water \ 
in cubic ft. ne- f 
ceflsary per acre { 
at each watering / 


5885 


8476 


9160 


9697 


15045 


18173 



II. 





Meadow land. 


1 

Arable land. 


Watering 

once in 7 

days. 


Watering 

once in 10 

days. 


Watering 

once in 14 

days. 


Watering 

once in 20 

days. 




Quantity of continuouR \ 
water in cubic feet per ( 
second per acre necessary i 
for irrigation ) 


•02486 


•01740 


1 

•01501 

1 


•01005 





III. 










Meadow land. 


Arable land. 


Watering 

once in 7 

days. 


Watering 

once in 10 

days. 


Watering Watering 

once in 14 once in 20 

days. days. 




Area in acres that can be \ 
irrigated by one cubic ft. > 
per second ) 


40-23 


57-47 


66-66 


99-16 



IV. 





Area in 
acres. 


Sandy soil. 


Clay soil. 




Supply necessary for each acre ) 
of the imgabie area . . . j 


1-00 


•01346 


•00924 



** liesult adopted for calculation of supply to 1 acre : in sandy soU, 
•01346 cubic ft ; in clayey soil, -00924 cubic ft," 
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" In Table I. the quantity of water sufficient for one 
irrigation or watering is taken at 15,045 cubic feet for 
meadow and 18,173 for arable land. It cannot be 
doubted, by any one conversant with irrigation in India 
or Spain, that this quantity is excessive. 

" The object of ordinary irrigation in hot climates is 
simply to supply the place of rain and soften the soil, 
and dijQfers much from the irrigation of lands in colder 
regions, which, partaking of the nature of sewage irri- 
gation, has for its object the deposition of a fertilizing 
sediment rather than a supply of moisture. 

" This latter description of irrigation being excluded 
from the project and data under consideration, the 
former alone has to be dealt with ; and for such pur- 
poses, in India and in Spain, a watering of 10,000 
cubic feet is ample, either for pasture or arable land. 
One such watering represents a depth of '23 feet over • 
an acre, and is equivalent to a continuous supply 
throughout the year of '000317 cubic feet per second. 

" In a hot climate, or with a drier soil, a greater 
number of waterings might be required, but not a 
larger supply at each watering." 

From the foregoing tables the number of waterings 
appear to be forty-six and twenty-three in the year for 
meadow and arable land respectively on sandy soils, " 
and thirty and fifteen on clayey soils. "Leaving out 
of consideration the fact that these waterings are a half 
and three-quarters larger than would be requisite in 
India or Spain, their number seems excessive. 

" In India the number of waterings prescribed on 
the Nageenah Canal, North-west Provinces, is thus : — 

For fruit-gardens 8 per annum. 

„ hemp 6 per crop, 

„ rice, indigo, sugar, tobacco, grass, herbs 4 „ 

„ cotton, wheat, barley, grains, and "^vxILaea ^ ,, 
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"In Spain the number of waterings in the year 
generally necessary are : — 

For com, flax, potatoes, olives, and pines . 6 waterings. 
f, meadows and artificial grasses . . 8 
,y garden produce 20 



if 



and these by no means show the highest duty obtained 
by water in Spain ; for gardens on clayey soils are 
irrigated with '0014 cubic feet per second per acre 
through the year, and only require double or treble 
that amount, say '004 cubic feet per second, in very dry 
seasons ; whereas the watering of garden land with 
twenty irrigations, as above, requires '012 cubic 
feet.'' * 

The assessment of the water rate is made in three 
different ways : 

1. By fixed outlet, or by measurement.f 

" The small channel of supply being constantly full 
and of a certain section, may be charged at so much 
per square inch or square foot of section, independently 
of the amount of pressure, for a certain time, as the 
day of 24 hours. This has been adopted in Italy, but 
has not been found to work well. 

"A further development of this method is to measure 
by module all the water as distributed, a mode more 

* Jackson, " Hydraulic Manual." 

t There are three methods of measuring the discharge of a stream: — 

1. By weir-gauges ^for smaU streams) with notch orifice. The 

right-angled triangular notch is the best form of orifice, as 
it measures large and smaU quantities with equal precision, 
and has a sensibly constant co-efficient of construction. 
When orifices are whoU^ immersed, round or square holes 
are the best, because their co-efficients of construction vary 
less than those of oblong holes. 

2. By current meters, in which the rotations of a fan driven by 

the current are registered by wheel- work. 

3. By calculation, from the dimensions and declivity. Weeds have 

been known to increase friction tenfold. 
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likely to be adopted at present, now that modules are 
less expenaive and more effective than formerly. 

" 2. By the area of land irrigated, or by crop. 

" 3. Water distribution by rotation. 

'' An irrigating channel of fixed dimensions, giving 
a constant fixed discharge, passes through the lands 
of several proprietors ; a period of rotation is fixed for 
this channel, from 6 to 16 days, according to the crops. 
Each landowner can then have the whole volume of 
the channel turned on to his land once in the total 
period of rotation for a certain number of hours, as 
from 2 to 40, or 50, according to the amount of land 
he owns. 

" For example. Let 10 days be the period of rota- 
tion, and let him require 12 hours' supply once in that 
period. His name is placed on th^ list, say sixth, and 
he gets his supply turned on at a fixed hour, and 
turned off- at a fixed hour also. If the channel gives 
20 cubic feet per section, his amount of water is equi* 
valent to a continuous discharge of — 

— ^Ta — = 1 cubic foot per second. 

In this way intermittent supplies admit of mutual 
comparison." * 



* Jackson, " Hydraulic Manual. 
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CHAPTER V. 

MODES OF IRRIGATING. 

The mode of laying on the water must depend on the 
configuration of the surface, and on whether the land is 
under grass or tiUage. 

The systems that deserve to be specifically noticed are 
— Bed- work Irrigation ; Catch- work Irrigation ; Sub- 
Irrigation; Side- Irrigation with open Drains; Pipe 
and Hose Irrigation ; Irrigation by Surface Pipes ; 
Flooding, or Swamp Irrigation ; Sewage Irrigation ; 
and Warping. The three last-mentioned systems will 
be dealt with separately, however, in future chapters. 
Water- drills, carts, sprinkling-pots, and syringes ought 
also to be mentioned. 

Bed-work Irrigation. — This system is only suitable 
to grass lands of a level or nearly level surface. It 
consists in laying out the ground into sloping beds or 
ridges, 10 or 12 yards wide, according to the nature of 
the soil, haviug their upper ends lying in a gentle slope 
from one end to the other of the meadow (Fig. 1). The 
main feeder or conductor is taken out of the river or 
canal, as the case may be, at a sufficient level to com- 
mand the upper ends of these ridges. From this con- 
ductor the water is carried by small trenches or irri- 
gating channels (a) along the tops of the ridges. These 
irrigating channels, or distributors, are made 4 or 5 
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inches deep, and 13 inches or more wide at their janc- 
tioa with the main conductor, the width gradually lessen- 
ing as they recede 
from it. When the 
distributors are 
filled, the water 
overflows on both 
Bides, and is taken 
up by the furrows 
or drains ( b ) 
which occupy the 
hollows between 
the ridges. The 
water thus col- 
lected by the fur- 
row drains is re- 
by the : 
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drain, which conveys it hack 
to the river from which it was taken, or carries it 
on to water other meadows, or other parts of the same 
meadow below. The main drain is, of course, cut 
across the lower ends of the beds, and requires to be 



Fig. 2. 

made nearly as large as the conductor. Fig, 2 shows a 
section of the bed-work. 

The dimensions and inclination of the conductor and 
distributors should be so regulated to the water-supply 
that the beds can be wholly laid under water to the depth 
of about 1 inch. The conductor must ho tapered oflF 
towards its farther end, in order that the diminished 
supply of water may still overflow; and the distributors 
must likewise be made to taper towards tbeix iax'OcKt 
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extremity, both for the purpose of retarding the velo- 
city of the water and of preserving a continuous over- 
flow along their whole length. On the other hand, 
the small drains and the main drain should gradually 
widen towards their lower extremity. The distributors 
and small drains are usually made from 12 to 18 inches 
wide at their junction, and from 6 to 9 inches at their 
ends. The inclination of the ridge itself should afford 
a &31 of 1 in 500, and the inclination of the sides of 
the ridges may vary from 1 in 100 to 1 in 1000, accord- 
ing to the retentive power of the soil. Bidges should 
not be more than 100 yards long. 

Few if any meadows are now laid out on the bed- 
work system, as it is only applicable to flat meadows, 
which can generally be rendered productive without 
the sacrifice of land which is involved in throwing them 
up in ridge and furrow form, and cannot be carried out 
without very considerable expense, the cost of the work 
often ranging from £10 to £20 per acre. 

Louden gives an example of a very comjJete piece of 

bed- work irrigation (Fig. 3), which was formed for the 

Puke of Bedford, by Smith, at Priestley, on a meadow 

oi irregular surface. The water is supplied from a 

I^rook (a), to a main feeder, with various ramifications 

/^ b) ; the surface is formed into ridges (c c), over which 

^^e water flows, and is carried off by the drains (dd) to 

tj^^ main drains (ee), and to the brook at different 

j^>aces (//). There are bridges (g) over the main 

^^^ders, small arches over the main discharging drains 

^ ^^, and three hatches («). 

''^^ ''formation of Water Meadows on the Bed-work System. 
Mv John Sinclair gives the following particulars 
-i^ "" this point : " The water being carried with a 
t.^^-^er fall — that is, with from 1 inch of fall in 20 yards 
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to 1 in 30 yards, according to the weight and velocity 
of the water above the mouth of the condnctor — to 





the highest part of the meadow, the next object is, to 

make the conductor large enough to receive all the 

water that the stream 

contains if there is 

land enough to use it. 

If there ia a great fall 

from the wear or dam 

(sluice) to where the 

meadow ia to begin, it *' 

(the conductor) may be made comparatively deep and 

narrow {Fig. 4) ; but on nearly level ground it must be 

made shal- . 

lower and 

wider (Fig, 

5), as it is 

i >s- - 
only near 
the top of the stream that the water baa oo.-^ Aiwa.^^.. "V^. 
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is of no use to make the bottom of the conductor deeper 
than the feeder will draw the water out of it ; neither 
is it of any use to make the bottom of the feeder any 
deeper than the last floating gutter (or irrigating 
channel) will draw it off. .... In forming the master- 
feeder it vrill be necessary to ascertain the breadth and 
depth that will hold all the water that the conductor 
brings to it, and thence to the end of the feeder, where 
the ]ast floating gutter goes out. Its breadth should be 
diminished all the way ; and whatever its breadth 
may be at the beginning, it should end about 2 feet in 
breadth where the last floating gutter goes off. 

" If the ridges or beds be 10 or 12 yards wide, and 
about 100 yards long, with 6 or 8 inches of fall, the 
breadth of the floating gutters should be about 18 inches 
at the head, or 2 feet, according to the length of the 
gutter, and about 6 inches at the lower end of the ridge. 
This diminution of the gutter serves to force the water 
out over the sides of the beds ; and as a part of the 
water is always going out of the gutter, it is always 
growing less, and consequently does not require so 
much room to hold it. The stuff that is taken out 
of the feeder should be laid smoothly along its sides, 
with a slope outwardly, and raised about 6 inches 
above the surface of the ground ; and in crossing 
ridges the hollows must be filled up with super- 
fluous stufi* from the high places or out of the drains, 
so that the top of the banks of the feeder may repre- 
sent a straight horizontal line, and keep the water above 
the surface of the ground, which is necessary to make 
it flow down and over the sides of the floating gutters 
with proper effect. 

" In making the floating gutters, after both sides of 
one are cut with a spade, by a line, then cut again with a 
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spade down the inside of your lines on both sides^ 
beginning at the head about 6 or 6 inches from your 
line, so diminishing all the way down to the end, and 
pointing the edge of your spade so as to make it 
intersect your outside cut. When both sides are 
done, the land in the breadth of the gutter will 
be divided into three strips, the outside of which will 
be loose, and will turn out whole in triangular furrows, 
which form the sides of the gutters and keep up 
the water above the surface of the ground. After the 
sides are cut, there will remain a fast strip in the middle, 
which must be taken out and laid in equal portions 
on the outsides of the said furrows, or into the lowest 
places. In taking out the fast strip, it is best to leave 
here and there a piece unremoved, which serves for stops 
and saves putting in afterwards. These stops will be 
wanted more or fewer in number, according as there is 
much or little descent in the floating gutters. When 
there is nothing left in for stops as above, the defect 
must be supplied by putting in boards or sods to check 
and raise the water to the height you want it. With- 
out stops the water would all flow to the lowest end of 
your work, and there run out too deep ; while the higher 
parts of the meadow would remain dry. Notches are 
commonly used at first in letting out the water from 
the feeders and gutters over the beds ; but when the 
sides become older and firmer, it may be made to 
flow over them. The breadth of the beds should not 
exceed 10 or 12 yards; but if less than 8 yards, it is 
best, in general, to put two into one, either with the 
spade or the plough. The length of a division of float- 
ing gutters should never exceed 100 yards in the ridges 
or beds ; because, if they are too long, it makes the 
water more difficult to regulate, and, if the «fet^"OTa.\i<b 
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fluctuating when the water falls in, the upper parts of 
the beds will be dry. All floating is the better of 
a descent, from the crown of the ridge to the furrow, of 
from 1 inch in a yard to 2 inches. This must be 
attended to if the land is to be formed into beds with 
the spade or the plough ; but where it is in proper 
ridges before, they may be taken as they are, be the 
descent less or greater than as above. 

" At the lower end of the meadow, and indeed at the 
end of every set of beds^ there must be a main drain, 
and betwixt every two gutters there must be a small 
drain, to receive the water that flows over the beds and 
carry it into the main drain. These small drains must 
be parallel with and reverse in their dimensions to the 
floating gutters, least at the upper and largest at 
the lowest end ; whereas the gutters are largest at the 
upper end and smallest at the lower. These small 
drains, if in a dry soil, will do 6 inches wide at the head 
and 18 inches at their junction with the main drain. 
The stufi* that is taken out of them is always wanted to 
make up hollows, or to make up the banks of the feeders, 
to carry them through low places to higher ground ; but 
wherever it is put it must be properly smoothed to let 
the water flow regularly over it. 

"When a meadow is large and the surface not 
all upon one section, but has high and low places in it, 
more feeders must be made, and more cross or master 
drains. Sometimes it happens that a feeder must cross 
a drain in carrying the water from one eminence to 
another through a hollow : in this case a trunk must be 
made with boards of the size of your drain and placed 
in it, and the feeder carried over it. The trunk must 
be as much longer than the width of the feeder as will 
be sufficient to give room for proper banks to the 
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feeder, otherwise the weight of the water will force 
them out. If the feeder be small and the drain large, 
it will be cheaper 
to make the trunk 
or spout corres- 
pond with the size 
of the feeder, and 
carry the water 
over the drain 
in it. Hatches 
or sluices (one or 
more according to 
the size of the 
feeders) are al- 
ways necessary 
in the mouths of 
them, for exclud- 
ing or admitting 
the water at plea- 
sure, and also for 
changing it when 
the meadow is 
divided into divi- 
sions." 

Various kinds 
of sluices are em- 
ployed to take in 
water from the 
river or canal, 
&c., to the main 
feeder. Fig. 6 
represents a good construction by Mr. R. Scott Bum. 
''a a is the stone sill, b b the side quoins in which the 
grooves are cut, and in which the wood or ^Vife^Vvt'ora. 




Fig. 6. 
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sluice-door (c) sKdes up and down. The stone flat 
(dd) supports the wooden uprights (ee)^ carrying the 
cross-bar (//) in which the pedestal of the toothed 
wheel {g) is fixed, this gearing with the rack of the 
stem of sluice door." 

Wooden *' stops " for the small channels are seldom 
used, a turf or a spadeful of earth serving the purpose. 

Fig. 7, however, illus- 
trates a wooden stop made 
of " two boards (a a) 
joined together, but kept 
separate by pieces at the 
end into which the sluice 
board (//) is passed, 
being lifted up by the 
hand-hole (^), and kept 
apart at any point by the 
wedge (A). The aperture 
to allow the water to flow through ia be d e, the edge 
(ce) being on a level with the bottom of the channel." 

Catch-work Irrigation. — This differs materially from 
the bed-work system. It can be applied to sloping and 
undulating surfaces as easily as to level lands, and to 
lands under tillage as well as under grass ; it sacrifices 
no land and costs very little, and it is quite as effective 
as the more expensive bed- work. 

The feeder or conductor, formed as before, is led 
along the highest side of the field, and a spring or small 
stream directed into it is made to overflow the side by 
the end of the ditch being dammed up ; but as the water 
would soon cease to flow equally for any great length, 
and would wash the soil away in places, small parallel 
gutters or trenches are cut, at distances of 20 or 30 feet, 
to catch the water again (Fig. 8) ; and each of these 



Fig. 7. 
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being likewise stopped at the end, lets the water over its 
side, and distributes it until it is caught by the next ; 
and so on over all 
the intermediate ^^.^^ A Feeder 

beds to the main 
drain at the bot- 
tom of the mea- 
dow. Fig. 9 re- 
presents a section 
of this system. 
The cross gutters 
must be laid out 
perfectly level, 
and of course on 
most lands will be 
winding; and 
these again are 
sometimes crossed by feeders running from the con- 
ductor to the lowest side of the field, thus forming a 
kind of check work. 



B Drain/ 
Fig. 8. 




Fig. 9. 

Fig. 10 shows the latter plan of catch- work, in which 
** the channel of supply at a a delivers the water to the 
gutters {c c)y which again deliver it to the branch gutters 
(c). The water flowing from these over the surface of 
the land reaches the lowest level, where the catch- 
drains {b b) are placed ; these deliver the water to the 
channel (6 b) which carries it finally off." 
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The cross gutters are rapidly thrown oat by tlie 
plough, and may be renewed every year if necessary oa 
grass as well as on ploughed land ; whUe the principal 




Fig. 10. 

feeders and drains remain, and at most only require to 
be repaired and filled with WBter. 

As to other modes of watering in catch-work, the 
diagonal system is perhaps the most efiTective. 

In all cases when the water seems to have sunk, it 
should be taken up again by opening a new trench for 
it, in order to collect or catch it, for diffusing it over 
another surface. 

In Pennsylvania, Dr. Edwards tells us, " hills so 
steep as not to be arable are watered, and produce 
greater quantities of grass than flat grounds, without 
ever having had a forkful of manure put upon them, 
and are now richer than they were thirty years ago, 
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after having had two crops of hay, and sometimes three, 
annually taken from them." 

He describes the American plan of watering uplands 
as follows: "The first object, certainly, is to secure a 
complete command of the spring or stream to be made use 
of. For that purpose a drain must be made as near the 
source as the circumstances of the case may require, 
and the water must be then brought on the same level, 
by a canal or ditch all along the side of the hilL 

" The spirit-level is made use of for the purpose of 
finding out the proper line to conduct the water. When 
the true level is found and the canal made, the water 
should be turned into it, which, if stopped either at the 
far end or any part of it, with a gate being shut down, 
it will flow over and irrigate the land below ; or the 
canal may be made so high on the bank that the lower 
side of it shall be about 6 inches above the water 
when standing on a level with its source ; and it is then 
let out by small gutters, about 10 or 15 feet from each 
other, which are spread a little below by arms each way, 
so as to meet one another in such a manner as to throw 
all the ground imder water. By this mode, if there be 
plenty of water, the whole groimd may be irrigated ; 
but if it be scanty, half of these gutters may be stopped 
by small sods one day, or two days if necessary, and the 
other half afterwards, when the first are taken up ; so 
that the whole can be flooded alternately every other 
day ; a practice preferred by some, even where the water 
is abundant. 

" At a distance of near two rods below the first canal 
another is made, to receive all the water that has 
flowed over the groimd between the two, and again 
turned out as above;" repeating the process till the 
lowest level of the field is reached. 
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** The whole surface of the land to be irrigated should 
be made so fair and smooth that where the water is 
tamed out to produce its great effect, there should not, 
to have it complete, be a hollow or hillock, in which a 
drop of water can stand, or over which it cannot flow." 

Sub-Irrigation. — This consists in saturating a soil 
with water from below instead of from the surface, and 
is effected by a system of subsoil pipes, which, pro- 
ceeding from a main conduit or other supply, can be 
charged with water at pleasure. In some parts of the 
United States perforated pipes are used for the purpose, 
but the common drain-pipe answers quite as weU. The 
usual plan is to surround the field with an open drain 
or main, and intersect it by covered drains conmiuni- 
cating with this main. If the field is level, nothing 
more is necessary than to fill the main, and keep it full 
till the ground is sufficiently soaked. The water escapes 
through the joints of the pipes, and rises into the super- 
incumbent soil, by pressure and by capillary attraction, 
to as great a height as the water is standing in the 
main drain. In this manner water may be given to 
the roots of plants in dry weather; and when the 
saturation is complete the whole of the water may be 
removed at will by opening the drain outlets and re- 
establishing free drainage. When the land slopes, 
the lower ends of the drains must be closely stopped, 
and the water admitted only into the main on the upper 
side ; this main being kept full till the land is soaked, 
after which the mouths of the lower drains are opened 
to carry off the superfluous water. 

It is claimed that this method produces all the good 
effects of surface irrigation with a much less quantity 
of water, while the surface soil does not bake. For 
lauds under tillage the plan is an excellent one, par- 
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ticularly on porous soils. Of course, by this method, 
no deposit from the water is left on the surface of the 
land. It is chiefly adopted on fens and drained mo- 
rasses, which are apt to become parched in summer ; 
but it would be very valuable for all light soils under 
green crop in seasons of drought. 

Side-Irrigation mth Open Drains, — On this system 
the field is intersected by open drains, at the usual 
distances, which communicate with the open ditches or 
drainage canals. When the land is to be irrigated, 
water is let into the ditches, and thence to the small 
drains, till it rises to or near the level of the surface ; 




Fig. 11. 

and the ground is laid dry again by opening the sluice 
valves, and emptying the side ditches. The Demerara 
field system (Fig. 11) ofiers unusual facilities for this 
method of irrigation, in the simplest form. By stop- 
ping up the small drains at a a near their junction with 
the side-line draining trench, and then filling the 
navigation trenches to overflowing with fresh water, the 
open drains become collectors, and the water can be 
made to rise in them to any desirable height, swamp- 
ing the entire ground surface if necessary. When 
the watering is complete, the pressure of water from 
the navigation trenches is withdrawn, the 8to^^ia>.%^5s» 
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in the drain mouths are removed, and the Burplue water 
is free to escape to the draining trench. Where a 
sandy or grayelly soil rests on a retentiTO subsoil, this 
mode of watering may take place without drains by 
filling to the brim and keeping full for several days 
surrounding trenches ; but the beds or fields between 
the trenches must not be too great. 

Irrigating by Pipes and Hose. — "There are many 
cases in which the methods of surface irrigation pre- 




viously described are unsuitable. Where the surfaces 
nre irregular, where the crops are changed several 
times in a season, where the ground is under biennial 
or perennial crops, and furrows cannot be maintained, 
or where the ground is too valuable to be occupied by 
furrows or water channels ; these and other conditions 
will be favourable to one or other of the following 
plans. The first to be treated of is that of under- 
ground pipes and stationary hydrants, from which 
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water may be distributed under pressure through india- 
rubber hose and sprinklers (Fig. 12). An elevated 
reservoir is provided, from which an iron pipe, having 
a capacity equal to an inch and a half in area for each 
acre to be irrigated, is carried along the centre of the 
garden. A 2-inch pipe will be required for two acres, 
a 3-inch one for four acres, and a 4-inch one for eight 
acres. From this pipe others are carried at right 
angles 200 feet apart to within 100 feet of the boundary 
upon each side. The pipes are laid a foot beneath the 
surface, or so far that they can never be disturbed by 
the plough. Upon the lateral pipes, which shoidd be 
at least an inch and a half in diameter, so that the flow 
shall not be unduly interrupted by friction, upright 
pipes, or hydrants, are attached, which project at least 
three inches above the surface of the ground. These 
are about 200 feet apart. They are furnished with 
valves, which operate by means of a square head and a 
key. Each one is fitted with a cap which screws on or 
ofl^, and which is attached to the hydrant by a short 
chain for its preservation. When this cap is unscrewed, 
a section joint affixed to the end of the hose may be 
screwed in its place." 

"When this apparatus is in operation, the water 
descending from the elevated tank or reservoir passes 
through the pipes and the hose, and escapes with some 
degree of force, depending upon the height of the head, 
through a flattened nozzle, which scatters it in a thin 
sheet or broken shower. With this apparatus one man 
may water copiously five acres of ground in a day or 
night. Each hydrant being the centre of a plot 200 
feet square, serves to irrigate, with 100 feet of hose, 
very nearly or perhaps one acre of ground. To irri- 
gate five acres in ten hours would give an hour a\i^ ^ 
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half to each plot, and amply snfiScient for an aotivs 
man to get around a plot of 300 by 300 feet." * 
An improved nozzle for shower irrigation is mana- 




factored by Messrs. J. Warner & Sons, London, and is 
represented in Fig. 13. 

Irrigation by Surface Pipes. — By this method the 
distributing pipes are laid upon the surfaoe of the 




Fig 14 

ground, and are perforated in such a manner that the 

water is discharged in a shower of spray upon the 

* Stewart'* " Irrigation for tha Fium, Qatden, uid Orohud." 
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ground (Fig. 14). The distance the pipes are laid 
apart may be 24 feet or more, but this will depend upon 
the pressure and force with whicli the water is dis- 
charged. The diBadvantage of this Bystem is its first 
cost ; but once the apparatus is provided it can be put 
in operation with little expense, all that is required 
being the turning on and off of the water at intervals. 
Water-Drills, Water-CarU, Garden-Engines, and Sy- 
ringes. — The water-drill is now in great request for 
sowing turnip and mangel seeds in dry weather. As 
these crops are put in at one of the driest periods of 
the year, its use insures a rapid and healthy braird of 
the young plants. The drill is a common turnip and 
manure drill, with the manure-barrel fitted for carrying 
water and for distributing it in the rows immediately 
underneath the seed. The quantity of water can be 
regulated, and either pure water or manure water may 
be used. In the latter case superphosphate, or guano, 
is dissolved in water, and the mixture used at the 
ordinary rate for dry manure per acre. The water- 
cart is sometimes used in dry weather for watering 
drilled crops afber they are started into growth. Two 
forms of improved water-oarts are shown in Figs. 15 
and 16. The former 
is manufactured by 
Messrs. Colman &Mor- 
ton, Chelmsford ; the 
latter by Messrs. James 
& Son, Cheltenham. 
Each of these carts is 
fitted -with, a short hose 
for dropping into the ^' 

tank or well, &c., and a pump for filling it with ease and 
rapidity. Garden-engines and Syringes, though very 
d2 
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serviceable in their plaoe, are of course only useful 
where a few plants or beda of ground are to be dealt 
with. Fig. 17 ihows a special syringe, manufactured 




by J. Warner & Sons, for washing hop vines. By 
means of this instrument all parts of the vine are easily 




reached, and it effects great saving in the washing 
mixture. 



CHAPTER VI. 

MANAGEMENT OF IRRIGATED GRASS LANDS. 

Application of Water, — On English water-meadows, as 
a rule, the irrigating season begins at the end of 
October, and is continued till about the first week in 
April. The usual plan is to keep the land flooded to a 
depth of about 2 inches during the months of Novem- 
ber, December, and January, for a fortnight or three 
weeks at a time, and then let the water drain off from 
it for a week or so before flooding again. In February 
and March the waterings are gradually shortened to 
eight days at a time. At the beginning of April the 
land is left dry, and in May the grass crop is cut. 

In November the water is used very plentifully for 
the first three weeks, after which it is taken off for a 
week, or changed to another part of the meadow. When 
the grass turns dark the water should be taken off. A 
standard work on farming directs that it should be 
taken off on occurrence of frost. The true rule, how- 
ever, is not to take it off nor to lay it on in a frost ; — 
not to take it off, because the water, freezing on the 
ground, forms a coat of ice which protects the grass ; 
not to lay it on, because the ground, being already 
frozen, can be no longer protected. 

In December and January the chief care consists in 
keeping the land sheltered by water from the severitY 
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of frosty nights. In very frosty weather it is better 
to take off the water from the meadows altogether if it 
is severe, and likely to continue long ; but this must 
be done^at the beginning of the frost ; if this has not 
been done the water should be allowed to remain on 
during the continuance of the frost. The danger from 
frost is, that if ice forms under and around the roots of 
the grasses the plants may be thrown out by the ex- 
pansion of the water. This can only be prevented by 
keeping the grass protected by water, or else making 
the land so thoroughly dry that no injury will result 
from frosty weather. In spring the young and tender 
shoots of grass are easily nipped and destroyed by 
frost, if these precautions are neglected. 

In February the management is much the same as 
in January, only, if the weather is mild, the water will 
require to be taken off or changed more frequently. 
If the water remains on for many days about the 
end of this month, in bright weather, a white scum 
arises, very destructive to the grass ; and if the land 
is exposed, without water, to severe frosty nights^ 
the greater part of the grass will be killed. The 
only way to avoid this is to take the water off early 
in the morning, and turn it over at night ; or, if the . 
day be very dry, keep the water off altogether during 
the frost, for it is only when the grass is wet that the 
frost, has a pernicious effect. 

In March, as vegetation sets in, care must be taken 
to shelter the young grass as much as possible. 
When the water is changed or removed, a mild day 
must be chosen for it ; and it is best to do it in the 
morning, that the groimd may dry before night, and 
be able to withstand a frost the better. In this month 
scum on the water must be guarded against ; but^ 
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instead of changing the water at stated times, it 
should be done according to the weather, always taking 
advantage of a fine day, which may vary the time from 
a week to once in a few days, less or more. 

If the meadows are to be spring-fed, the watering 
ceases about the middle of March, or the first week in 
April at latest. Early in May, when the spring-feed 
is eaten ofi", the water is used for a few days before 
laying up the meadows for mowing ; and again when 
the hay crop is carried off*. 

The watering of grass lands, other than water- 
meadows, is very simple, as it is seldom practicable to 
lay them under water, and they can only be irrigated 
by flowing the water over them. This is done at 
intervals, which will be determined by the weather 
more than anything else. As the grass is never com- 
pletely covered, the irrigation cannot be carried on in 
frosty weather ; so that on high lands, and, indeed, on 
most catch- work meadows, where the groimd slopes or 
is undulating, it is impracticable to irrigate during 
winter, and watering has to be delayed until the 
spring frosts are over. This puts off* the spring 
watering until April or May; after which, how- 
ever, there is still time to grow a crop of hay. Any 
attempt to irrigate upland meadows in winter, and 
to pasture them in early spring, would but injure the 
meadow by means of frost, and at the same time rot 
the sheep. 

Spring-Feeding, — The great value of water-meadows 
consists in the early spring feed which they afford, 
between **hay and grass," by which the farmer is 
enabled to breed early lambs. As soon as the lambs 
are able to travel with the ewes, about the middle of 
March or the beginning of April, the flock is put into 
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the water-meadows. Care Is taken to make them as 
dry as possible for some days before the sheep begin to 
feed them, and, on aocount of the quickness of the 
grass, it is not usual to allow the ewes and lambs to go 
into them with empty stomachs, nor before the morn- 
ing dew is gone. The general hours of feeding are 
from ten or eleven in the morning till four or five in 
the afternoon, when the sheep are taken off and folded 
on swedes or mangel for the night, or else put into a 
dry meadow or pasture where a few swedes or mangel 
and some box-feeding can be supplied to them. The 
grass on the water-meadows is daily hurdled out in 
portions, according to the number of sheep, to prevent 
their trampling it down ; but a few spaces are left in 
the hurdles for the lambs to get through and feed 
forward in the rich grass. One acre of good grass will 
be sufficient to last five hundred couples a day. The 
great object is to make the water-grass last till the 
winter rye, barley, and forward vetches, &c., come in 
for feed ; the meadow is then laid up for hay. 

Late spring pasturing on meadows is objectionable, 
as it always lessens the hay crop, and the harm 
done is usually in proportion to the dryness of the 
meadow. Water-meadows may be fed during April, 
and then be laid up for hay ; but dry meadows should 
not be spring- fed at all. 

Laying-up Meadows, — In regard to the time of laying- 
up the meadows, quaint old Tusser says : — 

** Spare meadow at Gregory, marshes at Faske, 
For f eare of drie summer, no longer time aske ; 
Then hedge them and ditch them, bestowe thereon penoe, 
Com, meadow, and pasture aske always good sense." 

St. Gregory is the 12th of March ; Paske is Easter ; 
and Tusser's meaning evidently is that marsh meadows 
may be grazed a month longer in spring than dry 
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meadows, and still yield a good crop of hay, however 
dry the summer. 

After spring-feeding, before any water is given, the 
meadows should be put into the best condition for 
laying up. The ditches and furrows should be ex- 
amined and repaired, the drains cleared, and all rub- 
bish taken off the surface. Any inequalities of the 
surface should also be remedied with the spade, first 
taking off the turf, and then replacing it and beating 
it firmly down^ The meadows are next bush and 
chain harrowed ; any rubbish brought up is picked off, 
and then the ground is rolled with a heavy roller. If 
any grass seeds are to be sown, it may be done pre- 
vious to harrowing. Farmyard manure, if given at 
all, should be applied when the hay crop comes off, 
and only in a well-rotted state. Artificial fertilizers will 
rarely be necessary ; but if given at all it may be in 
the form of a top-dressing, after laying-up for mowing. 

Cutting, — From the great succulency of the plants 
produced in water-meadows, the converting of them into 
hay requires particular attention. It is desirable that 
the grass should be ready to cut early in the season, 
not later than the end of June or the beginning of 
July, when the weather is likely to be favourable for 
hay -making; and to this end the meadows should be 
laid up early. It is not advisable, however, to cut the 
grass of water-meadows too soon, or before it ap- 
proaches ripeness, as there is then more loss of weight 
and substance in the making. The best time to mow 
is when the bulk of the grasses are in flower, unless in 
cases where the grass has fallen down, and would spoil 
if it remained uncut. Attention, however, must be 
paid to the state of those plants which constitute the 
bulk of the crop, and if the rough-stalked meadow- 

d3 
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grass, the scented yemal grass, the soft meadow-grass, 
are the most abundant, the grass may be cut earUer. 
In taking off the grass, carts and waggons should be 
used very carefully upon the meadows, lest ruts may 
be cut to the injury of the surface. Headways across 
the meadows, £rom point to point, should be previously 
laid out, using wooden culverts where the roads cross 
the irrigating ditches or drains. 

Repairs. — ^In addition to what is done at the time of 
laying-up for mowing, a water-meadow will reqidre 
some annual repairs in autumn. Thus, in the month 
of October, when the after- math is fed off, the banks of 
the feeders must be repaired where they have been 
trodden down by the sheep or cattle, and the sand or 
mud that lodges in any of them thrown out. The sides 
of the feeders and gutters may be trimmed with a large 
sharp reaping-hook, and the bottoms may get a light 
shovelling out. The clearings may be trodden down 
smoothly at the back of the gutters, or put into hollow 
places, &c. ; but it must always be observed not to 
clean the floating gutters so hard at the lower end as 
at the upper, that the diminishing proportion of their 
size may not be destroyed. 

Water-Meadow Grasses. — These plants. Dr. Singer 
observes, ought to be perennial, as it can never be 
intended that the meadow should soon be broken up. 
In America, timothy, or meadow cat's-tail {Phleum 
pratense), is greatly in favour for water-meadows ; and 
it is remarked that white clover bears drowning better 
than any other plant of that nature, although it does 
not yield the bulk which is desirable in a hay crop. By 
careful management, re-seeding, and manuring, timothy 
and clover may be retained in a water-meadow ; but 
many of the following plants are but slightly inferior 
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to them, and, as they grow more abundantly and con- 
stantly, are better adapted to this culture : — (1) per- 
ennial red clover, or cow-grass, which naturally prospers 
where the soil contains a due proportion of marl or lime; 

(2) soft meadow-grass {Holcus lanaius), which thrives 
well in any soft soil, especially if it be also watered ; 

(3) rough-stalked meadow-grass (Poa trivialis), which 
delights in a soil between loam and bog, possessed like- 
wise of a degree of moisture ; (4) crested dog's-tail 
{Cynosurus cmtaius), which thrives well in watered 
loams ; (5) sweet-scented vernal grass {Anthoxanthum 
odoratum), which hardly fails in any water-meadow 
where it has been once established, and whiht it adds 
to the bulk and weight of hay, it likewise communi- 
cates, if made in dry weather, the sweetest odour to 
the whole crop ; (6) bent grasses, in particular white- 
bent (Agrostts alba), and creeping-bent (Agrostis atoloni' 
/era), or the famous Jiorin, which some recommend in 
preference to every other, for water-meadows, long and 
fuUy irrigated. 

The nature of the herbage upon an irrigated meadow, 
remarks Mr. Stewart, depends greatly upon the skill 
with which the irrigation is managed. If water is 
used in excess, the more valuable grasses disappear and 
inferior ones take their place — such as couch grass, the 
spear grasses, and other coarse species. 

Italian rye-grass (Lolium Italicum) is extensively 
grown under irrigation in England and elsewhere, and 
yields repeated heavy cuttings of forage for soiling. 
It is the chief grass grown upon the Italian water- 
meadows, upon which it yields an aggregate cutting 
of forty tons and upwards of green fodder per acre 
yearly. 



CHAPTER VII. 

MANAGEMENT OF IRRIGATED ARABLE LANDS. 

The irrigating furrows upon cultivated land can 
seldom be permanent, except in vineyards and the 
like, where there is not a constant change of crop 
going on. In such grounds a system of irrigation 
may be laid out as complete as in the case of a water- 
meadow, as the work will be permanent in character, 
and the first outlay will be the last, if the work is 
properly done. Generally, however, the irrigating 
channels on arable land will be destroyed at every 
ploughing, and must be re-made for every crop. 

The watering of arable land and crops, though un- 
common with us, is universal in warm coimtries, and 
even in Southern France, Spain, and Italy. In many 
cases the crop is grown in drills, and the water is 
simply introduced in the furrow between each row. 
In this mode of irrigation, no collecting drains are 
required, as the whole of the water laid on is absorbed 
by the soil. The principal expense of the operation is 
that of preparing the lands by throwing the surface 
into a proper level or levels. The main conductor 
carries the water to the higher part of the field, and 
the rest is easy. A side conductor should be formed 
along the entire length of the field ; so that the field 
can be watered in sections if wished, by closing the 
supply-channel at any desired point. 
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With crops under fiat culture, such as wheat or 
barley, there are other plans ayailable. If the ground 
slopes, the ordinary catch- work system may be adopted, 
drawing with the plough light furrows from the mam 
conductor at the top of the field, parallel and hori- 
zontal to it, or in diagonal or diamond form, or other- 
wise, according to the contour of the surface. On 
level ground the land may be ploughed into beds, and 
the water introduced in furrows during the growth of 
the crop : this may be done either by a system of side- 
irrigation, the soil absorbing the water from the 
ditches, or by regular fiooding. 

** In the fiat plains of the Rioja," Mr, Roberts* tells 
us, " a small mound or embankment of clay is formed 
around each field ; and when irrigation is required, 
the water is admitted from some of the minor channels, 
of which there is a network on every farm, through 
an opening in the bank, usually placed at the corner of 
the field. It is then allowed to fiow until the enclosure 
is completely covered to a depth of about three inches, 
when the inlet is closed with a sod, and in a few 
minutes the water is all absorbed by the parched soil. 

" In sloping ground the Spanish farmers often level 
the field into a series of horizontal plots or terraces, 
that each inclosure may be irrigated in the manner 
above described. When this is not done, water is 
admitted at the high side of the field, and allowed to 
flow over it ; and numerous little cuts, like plough 
tracks, with their corresponding mounds, are made 
across the enclosure, or at right angles to the direction 
in which the water flows, so as to chepk its velocity, 
and thus facilitate its absorption by the soil.'* 

This system is illustrated in Figs. 18 and 19. The 

♦ " Irrigation in Spain." 
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** diyisions do not slope on both sides, but incline in one 
direction, as shown in Fig. 18, aiab, ab, ab ; but are 
horizontal, in the direction of the arrows in plan. 
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Fig. 19. The channel of supply is at A Ay and sluices 
are provided at C C Cy by which the water can be let 
into or kept out of the channels of distribution {a a), 
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placed at the upper side of the inclined divisions (d d). 
The channels of distribution (a a) are divided from 
each other by small embankments or ridges, as shown 
in section in Fig. 18. The water, after passing over the 
surfaces (dd) is taken up by the channels (bb)." 

Mr. Boberts comments on the skilfiil. manner in 
which the Spanish farmers, when irrigating their lands, 
conduct the water from one field to another, or from 
one part to another of the same field on a different 
level. When all the lower parts are irrigated, they 
construct temporary dams with the hoe, and by this 
means raise the level of the water so as to be able to 
reach the higher parts of the field. A sod or a stone 
serves the purpose of a hatch, or " stop-off/* 

Time of Watering, — The evening hours are considered 
the most favourable time, but this rule is nowhere 
universally observed. 

Application of Water. — Watering should not be 
deferred until the ground is too dry, as it does not 
bake so readily afterwards. In dry weather, a mode- 
rate watering should be given before sowing or plant- 
ing, and for a time afterwards the ground should only 
be kept moist enough to favour germination, and pre- 
vent the surface hardening. For the young growing 
plants, moderate, frequent waterings are best. No 
rule can be laid down, however, that will be generally 
applicable. The various field crops which may be 
brought under irrigation all call for special treatment, 
and this will vary with the district in which they are 
grown. The reader may here usefully refer to what 
has been already said on this point under the heads of 
crops suited to irrigation, and the number of waterings 
bestowed on different crops, in Chaps. III. and IV. 
In the case of nearly every crop, the ground must be 
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allowed to get occasionally dry ; for even those crops 
wliicli require watering most are easily injured if the 
water is in excess, or is allowed to remain on too long. 
Cultivation. — The soil should never be stirred when 
wet. Tillage and cultural operations " should be timed 
with reference to the watering, or the watering should 
be so timed with reference to them, that these opera- 
tions may be performed when the soil is dry and just 
before watering." 



CHAPTER VIII. 

SWAMP IRKIGATION. 

Swamp irrigation is practised more or less on the rice 
or paddy fields of India, Egypt, Southern Europe, and 
the Carolinas, and other south-eastern states in America. 
These crops are generally produced on tide-swamps, or 
other low-lying grounds, which possess no means of 
natural drainage ; and under this system the land is 
commonly laid under water for weeks at a time, some- 
times, indeed, from the time of sowing till the time of 
reaping. 

The rice plant appears to adapt itself in a very 
wonderful manner to swamp life. Even here, how- 
ever, there is doubtless no exception to the general 
rule, that stagnant water is injurious to the higher 
forms of vegetation. Where the produce of rice under 
such treatment appears to be as great as is to be 
expected from the most skilful and intelligent culture 
of the plant, it will probably on examination by analysis 
be found to compare but poorly in nutritive value with 
that grown under different conditions ; otherwise, the 
presumption is that, though the water was retained on 
the field during the whole time of the growth of the 
crop, it was not really stagnant, but constantly under- 
going renovation, by percolation or some other means. 

Rice irrigation has been well described by the late 
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Kobert Hussell, of Kilwhiss, who visited the Carolina 
rice plantations in 1865, and published an interesting 
account of them in the Transactions of the Highland 
and Agricultural Society for 1866. 

'' It is on the tide-swamps of the Savannah, and the 
numerous other rivers in Georgia and the Oarolinas," 
says Mr. Russell, " that the fine rice known in Europe 
as the Carolina rice is cultivated. The production of 
rice for exportation is in a large measure confined to 
these swamps ; and it is further limited to the fresh 
tide water swamps, for where the tides are salt, or 
even brackish, they are unfit for irrigation. 

" Though a considerable quantity of upland rice is 
raised here and there for domestic use, none of it is 
reckoned sufiBciently good in quality for exportation. 
The rice which grows in the tide-swamps is of much 
better quality than what grows in dry cultivation. 
The pickles of the irrigated rice are large and equal in 
size, and the husk is easily separated from the kernel ; 
whereas the upland rice, being smaller and more un- 
equal, the sample is not only inferior, but there is a 
great deal more waste and labour in its preparation for 
market." 

Another objection to the culture of rice on the dry 
upland soils is the great amount of manual labour 
which is required to keep the crop free from weeds. 
The lengthened period of hot weather over which its 
growth is extended, and particidarly the circumstance 
of this crop, like our cereals, either being sown broad- 
cast or in narrow drills which do not admit of horse- 
hoeing, tend to give great encouragement to weeds, so 
that its culture demands too much hand labour to be 
generally profitable. 

"The swamps which form the rice grounds were 
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reclaimed by erecting embankments along the sides of 
the river, and preventing the overflow of the tides. 

'' Main canals, having sluices on their mouths, are 
dug from the river to the interior about 20 feet in 
width ; and as they sometimes extend across the whole 
breadth of the swamp, they are more than 3 miles in 
length. The rice plantations are subdivided into fields 
of about 20 acres each. The fields have embankments 
raised around them, with sluices communicating with 
the main canal, so as they may be laid dry or under 
water separately, according as it may be required. 
Numbers of open ditches are also dug over the grounds, 
for the purpose of allowing the water to be more easily 
put on or drawn off. 

" From the nature of the works which are required 
to reclaim the tide-swamps, and render them fit for 
cultivation, large capitals are invested. A great ex- 
penditure of labour is constantly required to maintain 
the banks in good order, to clean out the drains and 
canals, as well as to keep the sluices and valves in 
repair. It would be out of place here to give any 
detailed estimate of the expenses and profits of rice 
culture. The fact, however, of the rice grounds being 
higher in value than any land devoted to any other 
crop in the south-eastern states, is quite sufficient to 
attest the profitableness of rice culture. Nor is this so 
much to be wondered at when it is considered that the 
land which is capable of raising rice with advantage is 
comparatively limited, and has been almost all occupied 
for a considerable time." 

In Carolina there is considerable diversity in the 
mode of cultivating the rice crop. " Some planters 
plough all the grounds every year. Those who follow 
this system give a light furrow in the beginning of 
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January, and afterwards make shallow furrows or drills, 
15 inches apart, to receive the seed, which is sown 
broadcast at the rate of from two to three bushels per 
acre. A small quantity of water is then admitted for 
a day or two until the seed sprouts. 

" The most approved and general mode of cultivating 
the rice fields, when free from weeds, is to sow the 
seed without ploughing. The stubble of the previous 
crop is burned over in spring, which is easily effected 
from the large quantity which is left at harvest. A 
negro then goes into the field, and makes a rut with a 
hoe between the rice rows of the former crop. This 
serves as a receptacle for the seed. Sometimes this 
operation is done by a small drill-plough. The seed is 
either covered by a rake, or the water is admitted at 
once, and covers it by washing down the soil. 

" In all cases, the water is admitted to the fields as 
soon as the seed is sown, and when the young shoot 
appears above ground the water is drawn off. In the 
course of a week the crop usually receives another 
watering, whigh lasts from ten to thirty days, accord- 
ing to the progress which vegetation makes. This 
watering is chiefly useful for killing the land weeds 
that make their appearance as soon as the ground 
becomes dry. But, on the other hand, when the field 
is under water, aquatic weeds in their turn grow up 
rapidly, and, to check their growth, the field is once 
more laid dry, and the crop is then twice hand-hoed. 
By the 1st of July the rice is well advanced, and 
water is again admitted and allowed to remain on the 
fields until the crop is ripe. This usually takes place 
from the 1st to the 10th of September. The water is 
drawn off the day previous to the commencement of 
reaping." 
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In the Piedmont district, in Italy, where a great 
deal of rice is cultivated, the ground is first put under 
water, then worked up into mud, before the rice is sown 
broadcast over it. The water is then turned oflF, and 
the rice is left to germinate in the damp earth before 
being irrigated again. After this it is left almost 
constantly under water.* 

In some of the paddy-growing districts of India 
the same course of puddling preparatory to sowing is 
followed. The land is ploughed several times while 
tmder water, and in the operation the soil is worked 
into a puddle, by the ploughs and by the feet of the 
cattle. It is then left to stagnate for a few days, after 
which more water is let on, and the ploughing and 
puddling repeated. Where vegetable manures are 
applied, these are trodden into the puddled soil. Before 
seeding the ground, the surface is smoothed by means 
of a heavy plank drawn by cattle. 

" The rice grounds," Mr. Russell concluded, " are 
comparatively healthy to white men in winter, but the 
very reverse in summer and autumn when the crops 
are growing and ripening. It has been often remarked 
that the swamps, in their original state, along the 
southern rivers of the United States were by no means 
so deleterious to the whites as they are now, when 
brought under ciJtivation. This seems to apply, to a 
certain extent, to all the rich alluvial soils in the river 
bottoms, but is particularly applicable to the rice 
grounds that are irrigated by the tides. Indeed, the 
undrained swamps remain comparatively healthy so 
long as they are covered with the natural vegetation. 
The mere stirring of the soil, and the exposing of it to 
the atmospheric influences of a hot climate, invariably 

♦ MoncrieflP, " Irrigation in Southern Europe." 
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give rise to malaria. For this reason^ the Oampagna 
in Italy became much more unhealthy, as Dr. Arnold 
states, in his Roman History , after its drainage. There 
is nothing of course deleterious in the mere culture of 
rice ; it is the mode in which the irrigation is managed. 
This opinion is confirmed by the fact that the rice 
grounds at the mouth of the Mississippi, on which the 
water is not allowed to stagnate, are more healthy to 
the white inhabitants than either the sugar or cotton 
grounds of the lower Mississippi that are under dry 
culture. But the practice adopted on the tide-swamps 
of Carolina, of laying the fields dry at intervals during 
summer and autumn, seems to give rise to miasmata of 
the most deadly character to the white inhabitants, 
but from which the coloured are exempt. The planters, 
with their families, invariably leave the rice grounds 
during the hot season, and remain in a more healthy 
part of the country until the crops are harvested. And 
though the negroes are not liable to those diseases 
which are so fatal to the white inhabitants in summer, 
yet they do not increase in the rice districts." 

The water-cress beds, which are to be found in the 
neighbourhood of London and all other large cities, 
afford a more striking example of swamp vegetation 
than the rice grounds we have been considering. Water- 
cress is grown on ground entirely under water, but the 
water is never altogether stagnant. It is a plant that 
can only be grown where there are running streams, 
and it also favours a limestone or chalk formation, so 
that in all but small artificial beds, its cultivation is 
limited to comparatively few localities. 

In some cases it is merely allowed to grow in the 
natural stream, but those who make a business of grow- 
ing it, increase the area by making beds at right 
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angles to the stream. The beds are excavated to a 
depth of about 8 inches, and are usually 5 feet wide, 
and of a length governed by the level of the land. 
They should be so constructed that the water from the 
stream may be directed into them by the use of board 
dams, and an overflow channel must be provided. Lime 
or chalk may be added to the bottom of the beds, if the 
soil is naturally deficient in calcareous matter. 

"Water-cress is naturalized in many streams, and 
where it occurs a supply may be secured for stocking 
the beds. The plaut throws off roots at each joint 
below the surface, and if the stem be made into cuttings, 
each of these fragments, if set in the soil of the bed, 
will soon form a vigorous plant. The cuttings may be 
set a foot apart each way immediately before the water 
is let into the beds. 

Where cuttings cannot be procured, the plants can 
be readily raised from seeds. If the seeds are sown in 
a box in good garden soil, and kept very moist, a 
supply of plants for transplanting will soon be at 
hand. The starting of beds of water-cress should begin 
in early spring. 



CHAPTER IX. 

SEWAGE IRHIGATION AND LIQUID MANURING. 

Though there are various ways of utilizing sewage, 
irrigation is the method which has been most exten- 
sively practised, and is the only one which demands 
notice in this work. 

**By sewage irrigation the greatest luxuriance of 
growth known to English agriculture is obtained. It 
is adapted to all irrigable crops ; but the best results 
are obtained with rapid-growing succulent plants, such 
as Lucerne or Italian rye-grass. The sewage is poured 
on at the rate of 400 tons per acre, equal to a thickness 
of 4 inches of water, during a few hours, twice in the 
growth of a single crop or cutting. Drainage, deep 
cultivation, and subsoiling should accompany the pro- 
cess; these tillage operations being only performed, 
of course, when the land has been laid-up dry. The 
drained and deeply-cultivated soil then passes the 
whole of the rich and fertilizing sewage amongst the 
fibrous roots of the plants, by which its substance is 
permeated. By this practice, a cutting of 10 to 20 tons 
of succulent forage is obtained as the result of not 
more than a month or five weeks' growth. The land 
is soaked twice or thrice, at intervals of a fortnight 
after each cutting ; and four or five cuttings are thus 
obtained from the application of 3,000 to 12,000 tons 
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of sewage in the course of the year. Here, as well as 
in ordinary irrigation accompanied by land drainage, 
the result is due to an added temperature, and an 
addition of plant food, both of which the soil ex- 
periences ; and especially to the constant motion and 
passage of this food beside and amongst the hungry 
roots of the plants which feed upon it." * 

Nearly all the sewage farms in this country are laid 
out on the "catch-water" system, which consists in 
floating on large quantities of liquid sewage over a 
number of successive breadths of land. The objections 
urged against this system are — (1.) That the bulk of 
the water escapes by flowing off the surface, and not 
through the soil to the drains ; and that, therefore, 
there is no real security that the sewage is purifled at 
all : the fact that it flows off the surface, showing that 
there is more liquid applied than the land can absorb. 
(2.) That as the essence of the catch- water system is 
the pouring of sewage, and of the same particular 
volume of sewage, over successive areas of land, all 
the areas of land cannot be equally fertilized, since the 
sewage cannot be made to flow evenly over all the 

land.t 

These objections apply with even more force to the 
" Pane- system," which is analogous to the Spanish 
system of irrigation by water, where rectangular and 
generally square ' plots of land are laid out perfectly 
flat, surrounded by a low bank, and generally on suc- 
cessive levels. The upper plots, in such cases, must 
evidently retain the whole of the suspended matter 
which is contained in the liquid sewage, leaving little 
else than clear water to flow off to the lower levels. 

♦ " The Soil of the Farm." By John Scott and J. 0. Morton, 
t W. Hope "On Sewage Irrigation." 

£ 
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The Romford Sewage Farm, in the occupation of 
Mr. Hope, has been laid out in beds on the ridge-and- 
ftirrow system, each bed being 30 feet wide. The 
ridges are raised up in the centre, with a carriage or 
gutter along the ridge, over the sides of which the 
sewage flows, as in some water-meadows. Mr. Hope 
considers that this system of sewage distribution is the 
best of all, even for arable lands, and presents no 
difficulty to horse or steam cultivation ; as nothing, in 
his opinion, is more simple than to form a low ridge, 
by means either of the horse or of the 8team7plough. 

On hilL side lands, which do not admit of irrigation 
by the ridge-and-furrow system, Mr. Hope adopts 
another plan. The hill-side land is ploughed hori- 
zontally with a " tuni-wrest " plough, and then with a 
double-mould-board plough going in the same direc- 
tion, across the hill, it is thrown into little ridges, as 
if for potatoes. The sewage is applied to this hill-side 
from a carrier running along the top, the across-hill 
furrows effectually preventing the liquid scouring away 
the earth from the plants. On this system Italian 
rye-grass, &c., cannot be grown, nor can cereals ; but 
as the slope of the hill-side is far too rapid to permit 
of the application of any liquid by irrigation, if the 
surface were left smooth, this is no drawback. 

At Edinburgh, where sewage irrigation has been 
practised with marked success for more than 100 
years, about 250 acres of the Craigentinny and Loch- 
end meadows are flooded with crude sewage, at the rate 
of 2,500,000 gallons every 24 hours. Of this land, 
200 acres are in permanent pasture, and 50 acres in 
Italian rye-grass. The irrigation is carried on in the 
rudest and cheapest way by the owners of the land 
adjoining the streams of sewage ; no cost having been 
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year, and the rye-grass grown upon it has realised from 
£25 to £36 an acre — prices equal to those obtained at 



♦ " On Sewage Irrigation by Farmers." 

e2 
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Lochend, where four times the quantity of sewage has 
been applied." 

It is estimated that the yield of land under sewage 
irrigation, with forage and root crops at least, is five- 
fold greater than the yield of the common agriculture 
of England. The quality of sewage-grown crops is 
also higher. Thus the proportion of cream yielded 
from sewage-fed grass at Croydon is stated to be about 
16 per cent., whilst that obtained from ordinary pastures 
is only about 10 per cent. The increase of saccharine 
matter in sewage-grown root crops is so great as to give 
the crops so grown an entirely new value, in addition to 
the greater weight produced. On one sewage farm, 
Mr. E. Chadwick, C.B., tells us the rhubarb grown is 
so superior that it is used for making a champagne, and 
a wine of the character of a " still hock.'* 

At the Annual Conference on National "Water Supply, 
Sewage and Health, held in 1879, Mr. Colebrook, as 
chairman of the Beading sewage farm committee, stated 
the result of their experience the preceding year, par- 
ticularly in the growth of mangold under irrigation. 
The highest weight per acre was 110 tons and the 
lowest 77 tons ; which, he believed, was the heaviest 
weight ever known to have been grown. There was 
this peculiarity in the growth of the mangold ; it was 
intended in the spring of the year to irrigate the land 
while the crop was growing, but the spring was wet 
and they were not able to hoe the land when they 
wanted, and when they were able to do so the weeds 
filled the trenches and they could not get the sewage on 
to the land while the crop was growing. He pointed out 
that for this reason he believed it was quite possible to 
overdose the land with sewage, and the result they ob- 
tained was chieiy owing to not having done so. The 
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crop of rye-grass was equally good. They cut six ex- 
cellent crops during the year of not less than 20 tons 
per acre each crop, whilst the year before they had 
seven crops. They had rigidly excluded storm- water, 
and he attributed a great deal of their success to that. 
At Bedford, where the sewage of 20,000 of the 
population is applied to 180 acres, chiefly of market- 
garden culture, the weights per acre of the principal 
crops have been as follows : — 

Tons per acre. 
Italian rye-grass, per crop (sometimes cut four or 

five times a year) 25 to 80 

Carrots 24 „ 30 

Onions 12 „ 16 

Potatoes 12 „ 15 

As much as £53 per acre has been realised with 
a crop of celery, and from £30 to £40 per acre with 
crops of onions, rhubarb, and asparagus. 

In regard to the "price which a farmer can afford to 
pay for liquid sewage, when poured over his land, 
it has been said that for its use to be profitable the 
price must not exceed |d. per ton. At 400 tons per 
dressing this is equal to 16s. 8d. per acre, and as 
the land requires in most cases to be dressed six or 
eight times, that price is clearly prohibitive. 

At Cheltenham, where the corporation land under 
sewage is not sufficient to utilise the whole of the 
sewage at their disposal, it is applied to neighbouring 
private lands at a charge of 7s. per acre for each dress- 
ing. The corporation lets its sewage-fed land at over 
£6 an acre, and probably not more than one-third of 
this rent can be charged to the sewage, as the lands are 
only dressed on an average about five times a year. 

Sewage is best applied to land imder tillage, or 
to grass land that will be mown. If it is not i^%\.- 
tivelj dangerous to graze land ^liVVe xuAst ^^-^^^^ 
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irrigation, it is at any rate objectionable, and should 
never be practised, unless, indeed, the land has been 
laid dry for a considerable time. That any ill effects 
are produced by feeding dairy cows or other stock on 
sewage-grown crops there is not the least reason to 
suppose. The soil itself cannot be injured by sewage 
nor even the crops, unless the dressing of sewage is 
immoderately large. 

" Sewage-sickness,'' remarks Mr. Birch, " is a term 
that has become common because it sounds appropriate; 
but, as a matter of fact, time has no effect in making 
land sewage sick, for its pores may be filled, as at 
Edinburgh, year after year, with infinitely more 
dissolved manure than can be made use of by vege- 
tation, and the land will continue to be as productive 
and as capable of receiving sewage as ever. A crop 
may, however, be ruined if it is covered with sewage, 
even although it may not have had enough for its 
manurial requirements ; or land may be done more 
harm to than good, temporarily, by one single ill-timed 
dressing. Experience has proved that over-feeding 
with sewage has no ill effect, although land may be 
choked with it in one meal.'' 

Liquid Manuring, — By this term is imderstood the 
practice, now seldom adopted except on a very small 
scale, of applying the drainings from the stables or from 
the dunghill, direct to the land in the liquid form. 
The use of liquid manure is no doubt very effective, 
but it is the extract of the dung-heap, which is after- 
wards of greatly diminished value. In the majority 
of cases, therefore, it will be found best to apply the 
liquid part in conjunction with the dry portion of the 
farmyard maniire. 
In order, however, that the liquid maxtxrc^ ^NTckifih 
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flows from the cattle-yards and from the dung-heap 
may not be lost^ it should be collected in tanks. This 
will be useful whether the practice of liquid manuring 
is adopted or not, as in the latter case the dry manure 
may be made to absorb it. 

If the dung-heap is made on an impervious bottom, 
or a small tank or yat is sunk in the ground at the 
lower end of the pit, the drainage from the manure 
will flow into it, and, by attaching a small hand-pump 
to the Yat the liquid that there collects can be pumped 
back again upon the heap, whenever it is deemed 
desirable to moisten it. 

Where liquid manuring is to be practised, the liquid 
in the tank may be distributed over the lands in various 
ways and by various means. 

On a moderately large scale it will probably answer 
to lay down pipes above or under ground. Through 
these the water can be made to flow, by gravitation 
where practicable, or otherwise by pumping. The 
hose-and-jet system, which has failed in sewage irriga- 
tion from the large quantities of liquid which had then 
to be dealt with, will answer better here ; as, although 
it will be foimd more expensive than a system of per- 
forated surface pipes, which are self- working, the hose- 
and-jet system enables the manure to be directed where 
it is most wanted. On a smaller scale liquid-manure 
carts may be used. These will be found not very 
expensive to begin with, and will do a considerable 
amount of work. If the land is near by the tank, a man 
and a boy, with one horse and two carts, will water 
ten acres a day, at a cost of about a shilling an acre. 

Fig. 20 is an illustration of one of Bamford's chain- 
pumps employed in filling a cart from the liquid- manure 
tank. For liquid manure and sewage ^e Osi^Mir^^«K^ 
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is the beat that can be used. It requires a little more 
power to raise a given quantity of water than a good 
lift-pump; but it has other advantages. Having no 




valves it is not easily choked ; it seldom gets out of 
order ; and as it is empty when out of use, it is not 
liable to be injured by frost. 



Fig. 21. 

Fig. 21 represents a distributor, manufactured by 
Messrs. S. Owen & Sons, London, for attaching to liquid- 
manure carts, with braces necessary to fix it. It can be 
removed at pleasure when the cart is required simply 
/or water only. 
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For ^rdene, and other small plots of ground, a 
hand-bMTOW or garden-engine, with a small force- 
pump and a distributing hose 
and jet attached, similar to 
that shown in Fig. 22, will 
serve every purpose. 

Liquid manure may be ap- 
plied with great effect to all 
crops. The quantity to be used 

will depend on whether it is pure 

draininga &om the stalls and the ^' 

dung-hill, or has been diluted with rain-water. It is 
seldom desirable, even where possible, to use it the full 
strength. Diluted with, say, two-thirds water, it may 
be applied at the rate of 1,000 to 2,000 gallons per 
acre each dressing, and the dressings may be repeated 
as frequently as in sewage irrigation. 

" Qreat advantage has attended the use of the water- 
Brill for sowing turnip and mangold seed in dry 
seasons. By applying the artificial manures in a 
liquid state, the germination of the seed and the sub- 
sequent brairding can generally be relied on. In a 
dry climate the water-drill is desirable in any year, if 
root crops which have to be put in at the driest and 
hottest seasons are to be successfully cultivated. The 
same quantity of manure is used as in the dry state, 
and the quantity of water is regulated by the condition 
of the land and the dryness of the atmosphere. Super- 
phosphate and guano are the moat suitable manures for 
the water-drill." * Soot ia also well adapted for apply- 
ing in the liquid form, either by means of the water- 
drill or by flowing on through pipes or otherwise. 
• " Soil of ths Farm." 

e3 



CHAPTER X. 

WARPING OR SILTING. 

This species of irrigation consists in repeatedly flooding 
low-lying tidal or river lands, and allowing a succession 
of sediment to be deposited. Sometimes the object is 
only to fertilize the land, but more generally it is 
practised with the double purpose of raising the surface 
of low and swampy ground. 

In either case, warping depends for its effect upon 
the presence of much suspended alluvial matter in the 
water used. Being stirred, and kept in motion by the 
tide, that alluvial matter is, by the process of warping, 
conveyed over the adjoining lands and there deposited 
during a period of rest. As soon as this has been done, 
the clear water is drawn off slowly, so that the new 
deposit is not disturbed. Another flood is then ad- 
mitted, and so on until the warp is completed. In this 
way the thinnest and poorest soils, if favourably situ- 
ated, may be covered with the richest alluvial to almost 
any depth. 

One tide will leave, on an average, one-eighth of an 
inch of warp ; and in this way 3| feet of added soil has 
been obtained in three or four years. Dr. Anderson tells 
us that in one experiment, where the water used con- 
tained 233 grains of mud per gallon, 210 were deposited 
during the warping. 
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Warping is effected by a cut or canal from the sea 
or river, with sluices for the admission and discharge 
of the water, which is confined to the grounds intended 
to be warped by surrounding banks raised to the 
required height. The higher the banks and the deeper 
the sheet of water that can be impounded the better, 
as a greater burden of sediment will be deposited ; but 
the height of the bank is, of course, limited by the 
difference in level between the land surface and the 
water in the canal. 

In these banks there are fewer or more openings to 
let in and out the water, according to the size of the 
field to be warped. In general they have only two 
sluices, one called the flood-gate, to admit, the other 
called the waste-gate, to let off the water gently. 
These are enough for 10 or 15 acres. The flood-gates 
are placed so high as only to let in spring- tides, and the 
waste-gates are so constructed as to let the water run 
off between the ebb of one tide and the flow of the next. 
To avoid the danger of the newly-deposited matter 
being stirred up and carried off again by the retreating 
water, the waste- gates may be made to open at the top 
instead of at the bottom. 

Seasons for Warping. — The dry months of summer 
are considered the best for this work." Land may be 
warped, however, in any season, provided the water is 
always muddy ; in other cases it should be practised 
more particularly when the weather is dry and the 
fresh water in the river very low. When the season is 
wet, and the river full of fresh water, warping cannot 
be advantageously executed. The fresh water then 
mixes with the tide, makes it not half so muddy and 
thick, and consequently incapable of depositing the 
same quantity of sediment. 
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Effects of Warping. — " It is easy to Tmderstand the 
importance of the effects produced by adding to any 
soil large quantities of fertilizing mud. Herepath has 
calculated that, in one particular instance, the quantity 
of phosphoric acid brought by warping upon an acre of 
land exceeded seven tons. As, moreover, the matters 
are all in a high state of division, they must exist in a 
condition peculiarly favourable to the plant. The over- 
flow of the Nile is only an instance of warping on the 
large scale, with this difference, that it is repeated once 
only in every year, whereas in this country the opera- 
tion is repeated at every tide imtil a deposit of the 
desired thickness is obtained, after which it is stopped, 
and the soil brought under ordinary cultivation.''* 

The fertility of warped lands is so great that they 
have been known to yield full crops for fifteen or even 
twenty years in succession without manure. When laid 
down in grass seed the land is not warped, for the mud 
would destroy such a crop. 

There can be no doubt, however, that the warp of 
some rivers is much more valuable than that of others. 
The value must depend on a variety of circumstances, 
such as the quantity of valuable ingredients contained 
in the mud, and the proportion of the several ingre- 
dients. The presence of any one useful or essential 
ingredient must add value to the warp, and the greater 
the proportion of all of them the more valuable will be 
the deposit. 

Mr. Moncrieff t gives an example of this work having 
been carried on with great success near Avignon, by 
means of the water of the Crillon canal. M. Thomas) 
a merchant of that city, having a property composed of 

♦ Anderson's "Agricultural Chemistry.** 
f "Irrigation in SouihemEivao^e.** 
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gravel and stones, and fit only for grass crops, laid some 
of it out in terraces, and obtained the use of 14 cubic 
feet per second of water from the Crillon canal, which 
he turned over it for the four winter months of every 
year. After three years he foimd he had covered an 
area of 22*2 acres with a coating of the finest alluvial 
matter, from 20 to 27 inches thick. The cost of the 
operation, including a water-rent of 168., was just £7 
per acre. The land, which before had been worth 
£19 8s. 6d. per acre, was valued after this improvement 
at £113 7s., and yielded seven or eight crops of wheat 
without requiring any further manure. 

Soils and Situations for Warping. — No land but such 
as is on a level or below that of spring-tide, or similarly 
placed for river or canal fiooding, can be improved by 
this process. Of lands so situated there are, however, 
extensive areas along the shores of the British Empire. 
In almost every Firth in the three kingdoms, and all 
along our shores, may be seen extensive tracts of barren 
sands and mosses which are overflown by spring-tides ; 
and however barren they are, they may be reclaimed 
and rendered fertile by warping. Cherrycob sands 
were reclaimed by this means, and are said to be 4 yards 
thick of warp. 

" Some of the marine mosses are so loose and pulpy 
in the subsoil that if drained they would be reduced to 
a level sufficiently low for warping, especially if the 
coarse and useless herbage on the surface were in the 
first instance pared and burned. If afterwards warped 
in the manner above described, they would become the 
most fertile soils in the empire. * Besides, it is often 
more easy to rebank this than any other soil ; for if a 
river or broad ridge, 30 or 40 feet wide along the bank 
of the nver, were left undug and ipVaxi^j^dc 'srVCcv. ^K^^^^^"* 
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it would serre as an imperrioiifl Imnk to shut out or let 
in the water at jdeaame. While the rest of the siir£Etce 
was dug, and drained, and ero|yped, and thereby reduced 
to a low lerel, this bank, left undug, would not sink in 
the same proportion, but might serve the purpose at 
least of an excellent foundation for a more solid bank, 
even though of itself it might be too light, loose, or low 
to serve that purpose/' * 

Cost. — ^The expense of warping has been variously 
stated at from SOs. to £10 an acre. In ordinary cir- 
cumstances it can seldom cost more than the smaller 
sum, as after the banks and sluices are fixed, which 
outlay cannot be wholly charged on the warping, the 
only expense will be the occasional wages of a man to 
attend the sluices. On the other hand, poor land has 
been so raised in value by this outlay as in many cases 
to repay the cost in a single year. 

♦ " General Beport of Scotland." 



CHAPTER XL 

COST OF IRRIGATING LAND. 

The cost per acre of irrigating land will, of course^ 
depend on a variety of circumstances. It will vary 
according to the mode of irrigation adopted, the nature 
of the work, the configujation of the land, and the 
natural roughness or smoothness of the surface, the 
distance from the source of water-supply, and the 
means by which the required amoimt of water can be 
obtained. 

Bed-work irrigation is the most expensive ; but even 
here the cost will vary considerably. If the ground is 
smooth on its surface, or in regular ridges ; if the 
water can be easily brought to the meadow, and neither 
wear nor conductor is necessary, the cost may not 
exceed £3 per acre. If, however, the land has a rough 
and irregular surface ; if a long conductor, and a 
proper wear be required, with hatches both in it and 
in the feeders, the cost may be £10 per acre. 

" Few people unacquainted with the art of irriga- 
tion," says Mr. Stephens, " and the regularity of form 
which the adjustment of water requires, have any idea 
of the expense of modelling the surface of a field. 
Where the ground is nearly level, and the surface 
covered with turf, the turf may be taken up^ the 
ground properly shaped, and ttie X\Mci xe^^wi^^ ^^"t S^ 
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per acre ; as was instanced in one case belonging to tlie 
late Sir Charles Menteath, of Closebum, in 1826; 
whereas, in a case of Mr. Lawson, of Caimmoir, in 
Peeblesshire, the cost was £12 per acre. In one field 
it cost Mr. Simpson, of Glenythan, Aberdeenshire, 
about £7, and in another field only £1 16s. 9d. per 
acre. From £7 to £9 may be taken as a fair average 
of the expense of converting land into water-meadow. 
Unless, therefore, the advantage to be derived were 
considerable, such an expense would not be justifiable ; 
but in all cases where meadows have been well managed 
the yield has at least doubled." 

The expense of forming some of the Wiltshire water- 
meadows has much exceeded £10 or £12 per acre. 
£20 and even £40 per acre, have, it is said, been 
expended in the formation of some of these meadows ; 
but the latter sum seems altogether unreasonable, even 
for the most elaborate work; though no doubt the 
value of these meadows, which are worth an annual 
rent of from £5 to £10 per acre, will warrant a large 
expenditure, so long as it is judiciously made. 

Where a new meadow is to be formed on the bed- 
work plan, and the ground is favourable, the whole of 
the work within the boundary fence may be done by 
the plough, except a little final touching-up and shap- 
ing out of the channels and gutters, which would have 
to be done by the spade, and need not cost more than 
£2 to £2 10s. per acre. The width of the beds or 
ridges is first set out, then the land is ploughed two or 
three times, always " gathering " and " splitting " in 
the same place, to get the necessary rise and round of 
the beds. After this the ground is well rolled, har- 
rowed, seeded, and rolled again. It then remains to 
draw out the feeders on the crowns of tVie rid^es^ and 
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the furrows in tlie bottoms between the beds. This is 
readily done by a single turn of the ridging plough. 
A man follows with a spade and gives the final touch 
up, and the work is complete. The expense of outside 
conductors, dams, and wears will not usually exceed a 
few shillings per acre. 

Catch-work irrigation can be practised at very little 
expense. The cost of forming the furrows by the 
plough will not often exceed 5s. per acre, and very 
little spadework is needed. This is decisive in favour 
of catch- work, where it can be adopted. It also requires 
much less water, and is often fully as efEective as bed- 
work irrigation. The furrows need to be but very 
small, as all that is required of them is to arrest the 
flow of the water^ and cause it to spread out equally 
again in a thin sheet over the whole surface. The total 
cost of this system, including the expense of bringing 
the water to the field, need seldom be more than 10s. 
per acre. 

In the foregoing cases nothing is supposed to be paid 
for the water itself ; but in many countries the water 
rates are high for irrigating land ; and it may also 
occur that there is considerable expense in raising the 
water and in bringing it to the land after the right to 
use it is obtained. 

In France, where one cubic foot of water per second 
is used to irrigate 70 acres of land, as much as £100 
is paid per cubic foot per second during the season; 
and the cost per acre varies from £1 5s. to £1 lOs. 
annually. 

" In Spain, the Iberian Irrigation Company makes a 
charge of about 30s. per acre, for twelve waterings per 
year, equivalent to a total depth of 33 inches of water 
over the entire surface irrigated. 
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" In Italy, the average cost of the water to the fanner 
is from £160 to £170 per cubic foot per second, equiva- 
lent to lis. 6d. per acre for maize, 31s. 6d. an acre for 
meadows, and £4 an acre for rice.''* 

The same writer states that in California, Colorado, 
and other parts of the United States, the " actual cost" 
of irrigating land " has been found to range from so 
small a sum as $1 f per acre upwards. That is, a com- 
munity of farmers, numbering some hundreds, may con- 
struct the necessary dams, canals, sluices, and feed-gates, 
to irrigate 10,000 to 50,000 acres of land at a total cost 
not to exceed $5 per acre, where the conditions of water- 
supply, character of soil, and surface of the land are 
favourable This estimate will allow of substan- 
tially constructed works, which will require but little 
repair or renewal to keep them in permanently good 
condition. Large tracts of land have been supplied 
with water for irrigation at a much less cost than 
this, in some cases even so low as 25 to 60 cents per 
acre ; but this cost covers only the construction of the 
main supply ditch, and not the interior ditches, which, 
to be permanent, should be well laid out and properly 
constructed. It is now sufficiently well known, how- 
ever, that a supply of water for irrigation can be brought 
to and spread over a farm upon our dry plains at a total 
expenditure of capital per acre not any greater than the 
annual rent paid per acre for irrigating water in Euro- 
pean countries." 

Where the water used in irrigation has to be raised 
from wells by pumping, or other means, the working 
expenses will be much increased. In Behar, where 
well irrigation is common, and the water is usually 

♦ Stewart, "Irrigation for the Farm, Garden, and Orchard." 
f The American dollar is 100 cents*, ec^\i\v8i\sti\. \.q \.^. IAl. 



COST OF IRRIGATING LAND. 91 

raised by bullocks working a rope and buckets^ one 
pair of bullocks can, in Hot weather, irrigate one-tenth 
of a beegah per day, and in cold weather one-seventh 
of a beegah (a beegah is about two-thirds of an English 
acre). This — allowing four annas* per diem, a low 
rate of hire, for two labourers ; pair of bullocks, wear 
and tear of rope and buckets, &c. — ^woald leave each 
irrigation to cost, in the hot weather, Rs. 2 8 1 per 
beegah, and in the cold weather Rs. 1 12 per beegah, 
i.e. from 6s. lOd. to 4s. 4d. per acre. 

The crops are usually irrigated four or five times, so 
that, allowing each watering to cost only Rs. 18 per 
beegah, there is still, at lowest calculation, Rs. 6 
per beegah, or about 17s. per acre, expended annually 
in the mere application of the water. 

Canal irrigation costs very much less than well irri- 
gation, where, in the latter case, the water has to be 
raised by artificial means. 

♦ 1 anna = 1 •4d. t 1 rupee = 22'4d. 



CHAPTER XIL 

SOURCES OP WATER-SUPPLY. 

Rain may be termed the direct source of water-supply, 
thougli rain itself is due to the evaporation which goes 
on from sea and land. The moisture which rises through 
the air is, in fact, equal to that which falls through it. 
Every drop of fresh water on the surface of the globe, 
or within the earth's crust, has been distilled from the 
atmosphere. 

Rainfall, — For drainage works we require to know 
the maximum fall of rain during storms, but for water 
supply we must estimate the least quantity of fall. 

The comparative quantity of rainfall depends upon 
the vicinity of mountain ranges, and not upon altitude. 
The greatest fall occurs in the west of hilly districts. 
In Great Britain it varies from 15 inches annually, in 
dry districts in dry years, to 150 inches in wet districts 
in wet years. In exceptional cases, near the Lake dis- 
trict, as much as 220 inches has fallen in one year. 
The mean annual rainfall in England is estimated at 
32 inches. 

Influence of Vegetation on Rainfall — ^The fall of rain 

in any district increases with the increase of vegetation, 

and especially of forest growth. " Trees and forests," 

remarks Steinmetz, " contribute to the formation of 

springs and Tra^ercourses, not only by m.Q»aTi^ of the 
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humidity which they produce and the condensation of 
vapours by refrigeration, but also by reason of the 
obstacles which they present to the evaporation of the 
water in the soil itself, and by means of the roots which, 
by dividing the soil like so many perforations, render it 
more permeable and facilitate filtration. The clearing 
of forests, and the consequent drying up or draining of 
marshes and bogs, have caused a material alteration, 
not only in the entire face of the country, but in the 
supply of water to the rivers formerly derived from 
those reservoirs, and in the periodical amount of rain- 
fall and the regularity of its distribution.*' In Germany 
it is considered that, in order to insure a regular and 
sufficient rainfall in agricultural districts, the propor- 
tion of forest or woodland should not be less than 
20 per cent. 

Springs. — One of the duties of rain-water is to re- 
plenish the deep-seated springs. This is done by that 
portion of the rainfall which escapes evaporation and 
drainage, and penetrates into the porous strata of the 
earth. And that it is the rainfall which is the imme- 
diate and only source of supply to all the subterranean 
reservoirs, as well as to all the surface streams and 
lakes, it would be easy to prove. It may be daily 
observed that springs increase or decrease in proportion 
as it does or does not rain ; and if a drought occurs, of 
a few weeks' duration even, many of them go dry alto- 
gether. If the drought were protracted for a year or 
less, there would be scarcely any springs met with in all 
the land. The absence of rainfall has the very same 
effect in diminishing the water of lakes, and it tells far 
sooner in the flow of rivers. 

Water-bearing Strata. — Although a considerable 
portion of the rain-water, perl[ia]^a ou'^-iovxt^ ^1 *^^ 
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entire quantity which falls on the surface of the earthy 
penetrates its porous strata, and is gathered in subter- 
ranean recesses, there is no more a general distribu- 
tion of water in the stratification below the crust of the 
earth than there is on the surface. Yet many thou- 
sands of pounds are annually wasted in finiitless attempts 
to get water where it does not exist. 

Predictions of water being obtainable from subter- 
ranean soxux^es at a given point on the surface can 
never be certain without a very thorough knowledge 
of the geological position, thickness, porosity, dip, and 
soundness of the strata over all the area that can have 
influence upon the flow of the percolating water. 
There are, of course, water-bearing strata ; but though 
plenty of water may be got by sinking at one point, 
it may happen that only a few rods distant no 
water will be obtainable in the same stratum, an inter- 
vening fault having intercepted the flow and led it off 
in another direction. In one case, after trying a 
number of places for water, none was found within 
120 feet of the surface, and yet close by water was 
obtained at 40 feet in depth. Sometimes, by ihe 
extension of a heading firom a shaft in a water-bearing 
stratum, to increase an existing supply, a feult is 
pierced, and the existing supply led off into a new 
channel. 

" The underground flow of water towards wells or 
springs is limited and controlled, not only by the 
porosity of the strata which it enters, but also by their 
inclination, curvature, and continuous extent, and by 
the imperviousness of the underlying stratum. The 
chalk and limestone do not admit of firee percolation, 
and are unreliable as conveyors of water £rom distant 
gathermg surfaces, since their numeroua fissures 
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through which the water takes its course are neither 
continuous nor uniform in direction. 

** The mere distance from hills or mountains need 
not discourage us from sinking wells. Waters are 
sometimes gathered through inclined strata from yery 
distant water-sheds, and sometimes their course leads 
under considerable hills of more recent deposit than the 
stratum in which the water is flowing/' * 

Commencing with the chalk formation downwards, 
Professor E. Hull has arranged twelve sets of strata 
according to their water-bearing quality. Of the 
twelve seven are permeable, or water-bearing forma- 
tions, yIz. : — (1) Chalk and Upper Greensand ; (3) 
Lower Greensand; (4) Purbeck and Portland beds; 
(6) Coral Rag and Grit; (8) Oolite and Upper Lias 
sands ; (10) Middle Lias ; (12) New Red Sandstone, 
with a total thickness varying from 1,276 to 5,500 
feet; while alternating with the above are five im- 
permeable or dry formations, viz. : — (2) Gault clay ; 
(5) Kimmeridge clay; (7) Oxford clay ; (9) Upper 
Lias clay ; (11) Lower Lias and Keuper marls, with 
a total thickness varying from 2,110 to 6,430 feet 
vertical. 

The water-bearing strata, it is seen, consist of sand- 
stones and limestones of various kinds ; the dry 
formations of clays and shales. Yet the very same 
" strata that now throw out springs or yield water 
when pierced would, if occurring at a different level, 
or if inclined at a suitable angle, become the means of 
draining water away from other parts than that in 
which their waters are now collected. This follows 
as a matter of course, for the conditions would merely 
be reversed, and the water would pass through the beda 

* Fanning, « « On Watei Su^i^ly ** 
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in another direction, the springs of one locality being 
in fact but the natural drainage of another." 

Effect of Drainage on Water-Supply and Floods. — 
Every inch of rainfall lost by drainage from every acre 
of ground represents a loss of 100 tons of water to that 
acre. The average loss of water by drainage through- 
out the country is probably half the rainfall^ but taking 
it at 10 inches, then the loss will be 1,000 tons per acre, 
or 640,000 tons per square mile. 

The modem system of drainage clears the land of its 
surplus water almost as soon as it falls, there being 
now few of the ancient surface reservoirs, in the shape 
of bogs and marshes, to receive and retain it for future 
use. It does not follow, however, that the subterranean 
reservoirs must suffer, because where there is a porous 
surface stratum (and it is the porous strata only that 
feed these underground reservoirs) the rain-water fall- 
ing upon it will sink as before, until the level of super- 
saturation rises to the level of the drain-pipe, which 
will only carry off the surplus water. 

The immediate effect of the drainage of higher lands 
has, however, often been to inundate the lower levels, 
by causing the watercourses of the district to rise more 
speedily and to greater height than before. But as 
the flow of the stream is more rapid, and the total 
volume of discharge is not augmented, the floods sub- 
side sooner. 

Artificial Sources of Supply. — The foregoing con- 
siderations lead to the conclusion that, in all cases of 
artificial water-supply, it must be obtained from one of 
two sources — either from subterranean reservoirs, or 
from surface drainage — and that geological conditions 
will determine which of these sources can be made most 
available. TTiere water-bearing atxata. oaa be tapped. 
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the supply may be obtained by sinking wells; but 
where the subjacent water-bearing strata lie so deep 
that the expense of a well would be too great, the 
supply must be obtained by artificial storage of rain- 
water and surface-drainage. These different means of 
obtaining water will be found treated of at length in 
the succeeding chapters. 

The distillation of sea- water is said to be the only 
means of domestic water-supply in some districts of 
South America. For agricultural and farm purposes 
generally, even on the smallest scale, however, the 
distillation of water would be very far from econo- 
mical. 

Still there are times and places when men cannot 
afford to disregard any possible means of obtaining 
even a few drops of water. An Australian recently 
supplied himself with water in a very novel way, and 
saved his life by it, while crossing one of the waterless 
regions of that vast continent. This he did by thrust- 
ing the ends of green scrub- wood — "mallec scrub ** — 
into the fire, and catching the sap driven out at the 
other end in a bark trough. He states that a dozen 
mallec sticks, 4 feet long and 2 or 3 inches in diameter, 
would give a pint of water in an hour; and suggests 
that the same device may possibly be found of vital 
importance to other bush-rangers and travellers in 
arid regions. 



CHAPTER XIII. 

WELLS AND WELL-SINKING. 

Wells are of three kinds : — 1. Open Wells. 2. Bored 
Tube Wells, commonly called "Artesian Wells." 
3. Driven Tube Wells, sometimes termed "Abys- 
sinian Tube Wells." One or all of them may be 
flowing wells, or they may not. In the latter case, the 
water may rise to the surface or near it; but will 
generally have to be raised some distance by pumping. 

Driven TFelk, or ^^Abys^irtian Tube WelhJ^ — The 
newest system of obtaining water from subterranean 
cavities is by driving a tube into the groimd until its 
perforated end reaches a stratum cqntg.ining water. 
When that occurs, the water will immediately flow 
through the perforations into the pipe ; ^nd, if a pump 
is attached to the upper end of the tube, by pumping 
for a time, all the particles of sq.nd and fine gravel will 
be drawn out, and the cavity thus formed around the 
perforations will remain filled with pure water, as shown 
in Fig. 23. 

Mr. Robert Sutcliff * has given a good account of 
the process of driving a tube-well: — "In the first 
place," he says, " the materials used must be of the 
very best quality, and especially tough and good iron 
is required for the tubes. The first tube is pointed 

* Annual Conference on National "Watenc ^m"^^\7, l^tQ* 
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and perforated up for a few incbes, with holes varying 
from one-eighth to quarter inch. The point ie some- 
what bulbous; but only suffi- 
ciently so to make clearance 
for the sockets, by which the 
tubes are connected together. 
On the tube a clamp is 
fastened, provided with steel 
teeth, so as to grip the tube. 
This clamp is tightened by 
means of two bolts. Next, 
8 cast-iron driving- weight, 
or monkey, is slipped on to 
the tube, above the clamp. 
The tube, thus furnished, is 
stood up perfectly vertical, 
in the centre of the tripod ; 
ropes are made fast to the 
monkey, and driving is com" 
menced by two men pull-- 
ing the ropes, and allowing fe*^^*^ ^_^^^g^=i 
the monkey to fall on the Fig. 23. 

clamp. It is particularly 

important that the bolts of the clamp are kept tight, 
so that no slipping takes place. When the pointed 
tube has so far penetrated the earth that the clamp 
reaches the ground, the holts are slackened, and the 
clamp raised again some two or three feet. Length 
after length of the tube is thus driven into the earth, 
being connected together by socket-joints. It will be 
noticed that the tube well proper is, therefore, self- 
boring, and that no core of earth is removed. 

" One of the first questions that will 8u^;est itself 

to a thinking- mind is, will not t'h.e sm»\^'v^'A.oi«!»-<s^A 

e2 
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be entirely blocked up by being thus forcibly driven 
through the earth? This was the American's first 
idea, and he provided a sort of sleeve, in the shape of a 
sliding-tube, over the perforations, to protect them 
from the earth. Experience, however, has proved this 
protection to be quite unnecessary. The perforations 
are made about four times as numerous as is necessary 
for obtaining a full flow of water from the tubes. 
Earth does find its way into the tube wells in pellets, 
like the casts from a worm ; but some of the per- 
forations are always left sufficiently open to allow water 
to pass into the well ; and, if the soil comes rapidly 
into the tubes, it is easily mixed with water poured 
down from the surface, and drawn up by ^-inch tubes, 
to which a pump is attached. 

In the Abyssinian and other campaigns, ** the wells 
were only used singly, as one or two were found suf- 
ficient to supply the wants of a number of troops. 
When, however, large supplies for manufactories, 
towns, and villages were needed, a fresh development in 
the system took place. Instead of single wells of great 
diameter, groups of moderate size were driven, and 
coupled together by horizontal mains ; so that powerfiil 
steam-pumps could draw from many wells at the same 
time. The great friction that would be caused by 
drawing an enormous body of water to a single spot is 
thus avoided. "Wells so coupled draw from a very 
large area of ground, and the water-level at any one 
spot is not so readily lowered. The very action of the 
pump, too, in drawing the water to the wells, opens 
and maintains channels of communication which help 
to keep up the level of the water. In putting down 
plant for a large supply of water, a trench, himdreds 
of feet in length, and some two ox tTaree fefe\, m de^th> 
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is dug; and tubes are driven every 20 feet, and 
coupled by mains as already described. 

" It may be interesting to refer to some particular 
instances, where large supplies of water are thus ob- 
tained. At West Thurrock, in Essex, a cement com- 
pany is pumping from two 6-inch tube wells, about 
80 feet deep, 220,000 gallons per day of 10 hours. 
Another cement works at Northfleet is pumping 60,000 
gallons per day. These have been pumped daily 
for about four years, and still give a constant supply. 
As expense is an important feature, it may be men- 
tioned that the cost of these did not exceed £60 each. 
The coupled tube wells are to be found in. greatest 
numbers at the centres of beer manufacture, where 
abundance of pure and cool water is an absolute neces- 
sity. At Burton-on- Trent about two million gallons 
are pumped daily from these wells. 

"When rock, solid stone, or incompressible clay is 
met with, a tube cannot be driven through it without 
first making a hole and removing the cores. In some 
cases, however, there may be many feet of loose earth 
which can be easily driven through. The tubes, there- 
fore, may be fitted with a temporary hard wooden 
point, which will allow them to be driven through the 
soft earth, and when an obstruction that cannot be 
penetrated is met the point is knocked out, and, being 
wood and in sections, it floats to the surface of the water 
and leaves an open-ended tube, through which ordinary 
boring tools can be passed to chisel and break up the 
rock. A tube can frequently be driven through gravel 
and clay to a depth of, say, 70 feet in a single day. To 
bore to the same depth in a similar stratum frequently 
takes ten days or a fortnight. The saving that Taa^^ \i^ 
effected by driving through the \oo^^ ^\»T^\ivwfiL ^'tts^* 
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therefore, be readily appreciated, and what is still 
more important, the upper part of the tubes are fixed 
more tightly in the ground than if a boring had been 
made to receive them. In some cases, however, hard 
strata come right to the surface, and the boring opera- 
tions, consequently, cannot be deferred. When this is 
the case, instead of using a pointed tube, an open-ended 
steel-shod pipe is driven into the hole as the boring pro- 
ceeds. As the tools pass down inside the pipe they do 
not cut so large a hole as the outside circumference, and 
some Httle trimming down of the sides is left for the 
steel shoe to perform. 

" In great depths the single tiei* of pipes with which 
the work is commenced cannot be forced the whole 
way. Tubes, therefore, of smaller diameter are in- 
serted ; but, as to pump by the tube-well method air- 
tight joints are absolutely necessary, the final tube 
is continuous from the deep spring to the surface. In 
this way tube wells 300 and 400 feet in length are put 
down, and if the spring, when tapped, rises to the 
surface, or within, say, 25 feet of it, only an ordinary 
lift pump is required to obtain the supply. Where the 
water does not rise to the required height, a deep-well 
pump can be lowered into the tube well, and worked by 
rods from the surface.'' 

The latest method of driving tube wells is more 
particularly applicable to tubes of large size, and is so 
simple as to merit a brief notice. **An elongated 
cylindrical weight passes down inside the tube, and the 
blow, instead of being struck at the surface, is delivered 
where it is wanted, near the point which penetrates the 
earth. As water in the tube would impede the force of 
the blow, the first socket above the perforations is made 
suSSciently long to admit of a stout itou xm^o.^ ^^j^^et 
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being placed in the centre of it in such a way that the 
two lengths of tube, when screwed tightly together, 
butt against it, one on the under, and the other on the 
upper surface. The interior of this ring is of sufficient 
size to allow the water to pass freely through it, but it 
has a screw thread cut throughout its whole length. 
During the operation of driving, the opening in this 
ring is closed by a steel plug, which is sci*ewed down 
into it until its shoulder butts on the ling. The upper 
surface of the plug forms an anvil, on which the driving 
weight falls. The plug is readily removed and brought 
to the surface when the required depth has beeli reached.'* 

*^ Artesiariy* Or Bored Tube Wells.-—WhQte driven 
tube wells are not practicable, from the nature of the 
strata which have to be passed through, artesian wells 
may be attempted. These are sitnply open-ended steel- 
shod pipes, which are driven down after the drill as it 
bores through the rock, the core of earth at the same 
time being brought to the surface. 

The term " artesiaii" is only properly applied to 
wells in which the water rises to or above the surface. 
But many so-called artesian wells are not " flowing" 
wells, the water supplied by them having to be raised 
partly by pumping. 

Self-flowing wells and springs are similar in action, 
and their principle is this : water percolating through 
pervious strata, such as sand, gravel, ot chalk, is finally 
arrested in its downward course by an impervious stra- 
tum of rock or clay, causing it to accumulate in the 
pervious strata above as in a reservoir, and when the 
source of supply is higher than the ground at the place 
where the well is bored, the water will rise to the sur- 
face, or even considerably above it. 

The process of sinking artesian 'sveWa ol %t^»X) ^<e^^*^ 
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is attended with, considerable difficulty and expense, 
but in many cases it is not necessary to go very deep. 
There are cases on record where a couple of men have 
completed a flowing artesian well in a few hours^ and 
the tools used were' carried on their backs. For larger 
operations a steam driller may be necessary, but smaller 
sets of the same machinery are made for working by 
horse, and even by hand power. 

Some soils are easier operated in than others, but 
when the depth is not very great, if no rocks or 
boulders are met with, there will be no difficulty about 
the sinking. 

In some formations — such as granite, hornblende, 
and limestone — artesian wells are not generally success- 
ful, luiless water is reached before touching the solid 
rock. Where rock has to be passed, the expense is 
more and water uncertain, unless the geological condi- 
tions of the district are well imderstood. 

" Among the causes of the failure of artesian wells," 
says Mr. Spon, " we may mention those numerous rents 
and faults which abound in some rocks, and the deep 
ravines and valleys by which many countries are tra- 
versed ; for when these natural lines of drainage exist, 
there remains a small quantity only of water to escape 
by artificial issues. We are also liable to be baffled by 
the great thickness either of porous or impervious strata, 
or by the dip of the beds, which may carry off the 
waters from adjoining high lands to some trough in an 
opposite direction — as when the borings are made at the 
foot of an escarpment where the strata incline inwards, 
or in a direction opposite to the face of the cliffs." 

The artesian well at Passy, for supplying water to 
Paris, is probably the largest well of the kind yet at- 
tempted. It is carried tbrougb. t\xe citi^lk mto tte 
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lower greensands, which were reached at a depth of 
about 1^900 feet^ the bore finishing with a diameter of 
2 feet. The first water-bearing strata was reached at a 
depth of 1^894 feet^ but the water did not rise to the 
surface. At length a true artesian spring was tapped 
at a depth of 1,923 feet, yielding 5,582,000 gallons per 
day. The total cost of the well was £40,000. It was 
laid with solid masonry to a depth of 150 feet, then 
wood and iron tubing was introduced to 1,804 feet from 
the surface, and below that there was a length of copper 
pipe pierced with holes. 

There are, however, many deeper wells than that at 
Passy. The artesian well at Belcher's sugar factory, 
St. Louis, is 2,197 feet deep. It was finished in thirty- 
three months, at a cost of 10,000 dols. If report is true, 
the same American city can probably claim to have the 
deepest well in the world, for another artesian boring 
at St. Louis is said to have reached a depth of 3,850 feet, 
or 3,000 feet below the level of the sea. 

Along the lines of the great railroads which now 
traverse the American continent, from the Atlantic to 
the Pacific, water is obtained at certain points by means 
of deep artesian wells for supplying the necessities of 
the roads. This, though often the only resource in the 
uninhabited and waterless districts passed through, is 
not successful at all places, and at hundreds of railway 
stations on these lines every drop of water they get, 
even for drinking and culinary purposes, has to be 
brought long distances by rail on special water-trains, 
which it is incumbent to run once or twice a day for 
that purpose. 

During the autumn of last year we spent several weeks 
on the Texas Pacific and the Southern Pacific R^ilx^^k^ia*^ 
and the lands immediately adjommg \\iem.\ ^wft.,^^'^^^ 

f3 
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the Pecos river, at least, at all the stations along these 
routes, took notes of what had been done, or was being 
done, in order to obtain a sufficient water-supply. Thus, 
at Wild Horse Station, on the Texas and Pacific road, we 
found two wells had been bored, and plenty of water 
obtained in both, at a depth of 350 feet. Ten miles 
farther on, at Van Horn Station, a depth of 760 feet 
was reached before obtaining water. None of these 
wells, however, are self-flowing, and pumping-engines 
of about 35 horse-power, with two men in attendance, 
were employed at each of them for raising the water. 

At Haskell Station, on the Southern Pacific road, 
and only eight or nine miles south of Van Horn, a 
boring had been made to the depth of 1,200 feet with- 
out finding water. At Sierra Blanca, forty miles farther 
west, where the two roads unite, water had not been 
found at a depth of 700 feet. At Finlay Station, twenty- 
one miles west of Sierra Blanca, the boring had been 
stopped at 200 feet without any signs of water. 

A similar record could be given as the result of 
borings at more than a dozen other stations on the rail- 
ways skirting the upper valley of the Rio Grande. 

At the time of our visit, the prices being paid for 
boring were at the rate of $3 per foot for the first 
100 feet, increasing half a dollar per foot every 50 feet 
beyond that depth. The bores were generally 7^ inches 
in diameter. 
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At the above rates the cost of a well 1,000 feet would 
be $7,266. These prices, however, only included labour, 
the railway companies finding tubes, tools, engines, and 
fuel, &c. ; so that the total cost must have been con- 
siderably greater. An engineer in charge of the boring 
at one of the stations told us that, making allowance 
for accidents, the actual total cost of one of these wells 
would be nearly double the above sum. 

At Chicago, where there are upwards of twenty arte- 
sian wells, varying in depth from 1,200 to 1,640 feet, 
the average cost was found to be $6,000 for a 5|-inch 
bore, and $5,000 for a 4|-inch bore, in each case 
1,200 feet deep. 

No doubt, where the bore is less than 100 feet in 
depth, it can be done at a small outlay. We have heard 
a practical man say that, in easy working soil, it would 
then be profitable at $1 a foot ; and that the tools and 
entire outfit for sinking such a well need not cost more 
than $75. The tubes would cost about 15 cents a 
foot. 

As to the cost of boring artesian wells in England, 
we will quote Mr. Spon: "Boring," he says, "is usually 
executed by contract. The approximate average cost 
in England may be taken at Is. 3d. a foot for the first 
30 feet and 2s. 6d. a foot for the second 30 feet, and 
continue in arithmetical progression, advancing Is. 3d. 
a foot for every additional 30 feet in depth. This does 
not include the cost of tubing, conveyance of plant and 
tools, professional superintendence, or working in rock 
of unusual hardness, such as hard limestone and whin- 
stone." 

Open Wells. — All the old domestic wells are of this 
class, and have been formed by digging or aix^kix:^^^ 
shaft of several feet in diameter. On^vh^ Vi \Jsv^ ^<K5i5^ 
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expense of doing this they are naturally of very limited 
depth as compared with the tube weUs we have pre- 
viously been discussing, few of them exceeding 60 feet, 
and the majority of them probably not reaching half 
that depth. 

Very few open wells are now dug. Besides the 
question of greater expense, there are many objections 
to them, which the deeper tube wells are free from. In 
many cases the open wells are merely catch-water 
tanks, and even where water does rise in them from 
below, it is liable to be spoilt by the drainage from the 
surface carrying organic matters into the well. 

In sinking a well of this kind the top waters, to a 
depth of 10 or 12 feet, should be carefully stopped off 
by solid masonry or hydraulic cement, and means 
adopted for keeping it free from contamination. 

The water is raised in many open wells by pumping, 
but the old plan, which is still extensively in use in 
rural districts, was to draw water from the well by 
means of a rope and bucket. 

The cost of digging a well in a clay soil, and build- 
ing a well ring, say 3 feet in diameter, will be about £10 
for the first 20 feet in depth, the expense increasing 
considerably in proportion for every foot of addi- 
tional depth. This is exclusive of winch or pump, &c. 



CHAPTER XIV. 

CATCH- WATER RESERVOIRS. 

In cases not admitting of supply by means of wells, 
and where springs do not appear on the surface^ the 
fluctuation of the rainfall, and consequently the flow of 
streams at different seasons of the year, require almost 
invariably that there shall be artificial storage of winter 
rainfall for summer use. When the mean annual re- 
quirements, whether for domestic use, for hydraulic 
power, or for live stock and irrigation purposes, one or 
all combined, are nearly equal to the mean available 
rainfall, the question of storage becomes of supreme 
importance. 

Determination of available Rainfall. — For measure- 
ment of rainfall two kinds of data are required : (1) 
drainage-area, catchment-basin, or gathering-ground ; 
(2) depth of rainfall. 

Drainage areas are usually bounded by water-shed 
lines. The water-shed does not always, however, prove 
the drainage boundary ; as, for example, when a porous 
superstratum overlies an impervious stratum. In such 
cases the drainage boundary will not be at a but at b 
(Fig. 24). Artificial watercourses and drains may also 
lead the water away from its natural course ; but while 
this will diminish the yield of one water-shed, it will 
add to tie natural supply in anoftiet -^^^i^* 
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Steep rocky surfaces, or clay soils, make the best 
^theriDg-gTounds, as the rain-water flows rapidly off 
them and less is lost both by evaporation and absorp- 




[Fig. 2* 

tion than on flat and porous surfaces. Sand, gravel, 
and chalk, as well as many of the softer sandstones, are 
all so exceedingly absorbent that the rain is swallowed 
up as fast as it falls on them. 

Wo have, then, only this general rule ; Water-shed 
lines are the boundaries of the basins, but geological 
features may afEect the quantity as already described. 

The available rainfall of a district is that part of the 
total fall which remains to be stored or carried away, 
after deducting the losses by evaporation, percolation, 
absorption by plants, and other causes. The propor- 
tion which this bears to the total rainfall varies very 
much, being affected by the distribution of the rain- 
fall, the porosity of the soil, the steepness or flatness of 
the ground, the nature and quantity of vegetation upon 
it, the temperature and moisture of the air, and other 
circumstances. Upon average drainage areas, and 
including floods and flow of aprings, it may ordinarily 
be taken at about 50 per cent, of the annual rainfall. 
For different surfaces its ratio is more approximately as 
follows : — 

On primary rockB . , . nearly !■ 

On moorland and bill pasture . . S to 6 

Oo cultivated laad '!'..■"'■ 

Oaeialk ditto •>- 
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Assuming then that half the rainfall can be made 
available for storage^ a fall of 32 inches per annum 
leaves us 16 inches, or 16*16 tons per acre. 

But there are losses incidental to storage which must 
not be overlooked. Reservoirs constructed on the 
sur&ce of the ground are seldom perfectly water-tight, 
and a certain amount of percolation is almost inevitable. 
More or less evaporation will also take place from the 
surface of the reservoir. The amount of evaporation 
from the surface of water has, in England, been found to 
be 18 inches or more per annum ; but the percentage 
of storage water lost by evaporation will of course de- 
pend on the superficial area of the reservoir, and in any 
case will be comparatively small. If these two losses, 
however, taken together, amount to 6 or 7 per cent, of 
the reservoir water, it takes 1 inch off the available 
rainfall, and leaves us with only 15 inches available for 
consumption. 

When water is impounded in manufacturing dis- 
tricts, it is common to allow from j to ^ of the avail- 
able supply to the riparian owners, leaving f or | for 
the impounders. 

Site of Reservoir, — This should be carefully chosen 
in regard to the gathering-ground, the nature of the 
surrounding and underlying soil, the requirements 
of live-stock, irrigation, and agriculture in general, 
as well as the cost of construction. The most favour- 
able site, as affecting cost, is where a comparatively 
small embankment, thrown across a gorge or valley, 
will form a large reservoir with the water retained 
on three sides by the rising ground. An imperme- 
able clay surface is as important as the configuration 
of the ground, as it not only infl^uencea t\va ^o^ ^\ 
puddling, hut the proportion, of ttie TaVxAsJiN. ^Vy^ ^^^». 
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be collected^ and also its retention in the reservoir is 
largely dependent on this feature. The position of the 
reservoir for supplying grazing stock with water, or for 
irrigation or other purposes, is of less consequence than 
obtaining a good storage, unless the reservoir is so 
distant from the place of consumption that the cost of 
delivery pipes would defeat the object of storage 
altogether. 

Capacity of Reservoirs, — ^As a matter of economy, it 
will always be better to construct one large reservoir 
than two smaller ones to hold the same amount of 
water ; but there is of course a practical limit to the 
height of the dams. Deep open reservoirs, however, 
are in all cases preferable to shallow ones, for other 
reasons besides that of first cost ; for where the surface is 
large in proportion to the capacity of the reservoir, the 
greater will be the evaporation, and shallow water also 
encourages the growth and decay of vegetable matter. 

Constriction of Reservoirs, — Small reservoirs, such as 
would generally afford sufficient supplies for all agri- 
cultural purposes, need entail only a moderate amount 
of engineering skill and of pecuniary outlay. Where 
a ravine or gorge can be converted into a storage 
reservoir, no excavation will be needed, and the only 
expense will be that of constructing the dam, unless 
the bottom requires puddling. In such situations, 
however, the dam must be of great weight and strength 
as well as height. 

The Texas and Pacific Railway Company conceived 
the idea of obtaining a large water-supply from a reser- 
voir of this kind, near Carisso Pass, where the position 
was favourable for forming a lake basin of very large 
area. At a point where the gorge between two moun- 
tain ranges narrows to a width oi "geika^a ^0 ^«jtda, an 
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embankment^ some 75 feet wide at base, 20 feet at top, 
and 24 feet bigb, was thrown across it. Eiding over 
tbe waterless prairie, some miles to the south of this 
spot, we noticed the artificial mound, and guessing its 
purpose, was lured out of our way, partly through 
interest in the scheme, and partly that we might 
quench our thirst in the cool and pleasant waters of 
the imaginary lake which was in hiding on the other 
side. But not a single drop of water was there ! The 
scheme had been carried out regardless of geological 
conditions, which, on the gigantic surface of the lake 
(that ought to have been) there had been no attempt 
to rectify by art. The floods had been there in their 
season, as was attested by the water-mark on the inner 
side of the embankment, and the embankment had 
stayed the torrent of water which had rapidly arisen 
behind it ; but the basin of the reservoir was sandy and 
porous, and appearances too plainly showed that the 
whilom lake had vanished imderground, when the floods 
were over and the dry season set in. 

In some places a natural hollow exists, which, with 
very little excavation, can be made to form a capital 
reservoir. A reservoir on level ground will entail 
more labour; but it is not always necessary in this 
case even that the entire capacity of the reservoir 
should be excavated ; for provided water can be led on 
from higher ground, a small portion of digging need 
only be done, and the excavated material used for 
raising the sides, making about two-thirds of the 
capacity due to embanking, and only about one-third 
to excavation. The principle of this reservoir is, how- 
ever, objectionable, owing to the sides being raised so 
much above the natural level of the ground ; so th&t^ 
even where it could be filled to t\iaAi T^\aft^ \^^^>V\» 
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may be better to excavate to tbe full extent if neces- 
sary. 

An excavating scoop, which is manufactured by 
Messrs. John Fowler and Co., will be found to greatly 
facilitate and cheapen the construction of these reser- 
voirs. The implement in question was originally 
designed for making large ponds or reservoirs on Aus- 
tralian sheep farms ; but its successful employment for 
this purpose has led to other application of it, and it is 
now used for other descriptions of excavating work, 
and particularly for levelling land and constructing 
dams. The scoop is worked by drawing it backward 
and forward between two steam-ploughing engines, in 
the same way as the implements employed in 
the double-engine system of steam-ploughing tackle, 
the engines being placed one on each headland, and 
the implement being pulled backward and forward 
between them. The scoop is, however, sdways filled 
by one of the engines, the other engine being used 
only for pulling the loaded scoop to the point where it 
is required to discharge. By ploughing the ground 
first, and using the scoop after, an extensive basin can 
soon be scooped out on the levelest surface ; the depth 
being determined by the number of tiines the opera- 
tions of ploughing and scooJ)ing are repeated. 

Where the bottom of the reservoir is of a porous 
nature, it should be puddled to make it retain water. 
Where clay is not available for puddle, all that is 
necessary is to cover the bottom with loam to the depth 
of 12 or 18 inches, and then puddle or work this well 
with water till it will allow none to percolate. This 
working, or puddling, may be done by turning a flock 
of sheep or a herd of cattle into the bed of the reser- 
voir to trample it well when wet. A. s\idliX»x Y^^jctiae 
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is followed in India. When it is required to make the 
bed of a reservoir water-tight, they keep it wet and 
turn buffaloes into it, as their treading effectually 
puddles the bottom, and prevents water being lost by 
percolation. 

In the construction of small reservoirs, and certainly 
of imderground tanks, the use of concrete may be 
advisable. Common lime, properly slaked, and mixed 
with sand, if faced with cement, will make admirable 
tanks. Portland cement is a double silicate of lime 
and alumina, made from the deposits of chalk and 
alluvial clay on the shores of the I'ivers Thames and 
Medway, and possesses the property of setting and 
hardening under water. One barrel of Portland cement 
mixed with 16 gallons of water, if laid on half an inch 
thick, should cover 100 square feet of surface. One 
barrel of Portland cement and two barrels of clean sharp 
sand, mixed with 23^ gallons of water, should cover 
219 square feet of surface to the same thickness ; and 
one barrel of cement and three barrels of sand, with 28 J 
gallons of water, should cover 285 square feet of sur- 
face. The composition of cement and sand may be 
used if allowed to set before water is let into the work. 

The mode to be employed in filling the reservoir, and 
the best means of providing for overflow, will be sug- 
gested by circumstances. 

For drawing off the water from the reservoir, the em- 
ployment of one or more large syphons will probably 
be preferable to making an opening in the embank- 
ment. On a level surface the water may have to be 
raised by pump, in order to distribute it by gravitation. 



CHAPTER XV. 

RAISING WATER BY MECHANICAL MEANS. 

In irrigation works of any great extent the question 
of raising water by artificial means may be dismissed^ 
as too expensive an undertaking for individual enter- 
prise. "Where, however, circumstances favour a unified 
system of irrigation, and the scheme is generally 
adopted by landowners or occupiers, and carried out as 
a public work under proper control, it may be otherwise. 
In Egypt, for example, where some improvement of 
the present system is urgently called for, two schemes 
for improved irrigation by raising water by means 
of pumping are now under the consideration of the 
Government. The first of these, presented by the 
Minister of Public Works, proposes to fill the lesser 
canals during the dry season. The second proposal, 
which is favoured by the Public "Works Company, is 
to keep the great summer canals perpetually full and 
to imify the canal system. The former project would 
be the less costly, and the amount requisite for it 
might, perhaps, be met by a slight increase in the 
land-tax on lands already watered, and a tax on lands 
expected to be reclaimed. In return, a partial ex- 
emption from the corvie would compensate the fella- 
heen from the increased burden. The latter scheme 
would call for a heavy outlay, Wt ^o\i\!^ ^^oXS&V t\i<a 
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corvie entirely ; and, in the event of a deficit^ the 
Government would endeavour to meet it by an extra- 
ordinary budget rather than impose a new water-tax. 
The experiment of artificially raising water by steam- 
pumping has already been tried in the province of 
Behera, with very discouraging results; but this is 
attributed to the bad quality of the machines. Before 
sanctioning either scheme, the Government will, pro- 
bably, cause experiments to be made in one or two 
provinces. 

As already remarked, however, where irrigation is a 
work of individual enterprise, it cannot be practised 
with profit on an extensive scale, unless the water is 
delivered by gravitation from an elevated canal, river, 
or impounding basin. As there are thousands of 
situations where the only source of water-supply is 
below the level of the land to be watered, the efEect is 
practically to prohibit the artificial application of 
water to such lands on a large scale. 

It is different in garden culture, and in market- 
garden farms, where the area of land under cultivation 
is comparatively small, and the value of the produce 
is far greater than in ordinary farming. The diffi- 
culties in the way of raising a sufficiency of water for 
irrigating garden crops in dry weather are not so 
insurmoimtable ; and the expense will, in most cases, 
be amply repaid by the increased profits. 

For other purposes than irrigation — ^the wants of 
live-stock, for feeding engines, and driving machinery, 
and for domestic purposes — though the need of water 
is greater, it is required in smaller quantities ; and the 
cost of raising it, when the source of supply is below 
the level of the place where it is to be used^ ia thaix. ^ 
subaidisrf consideration. 
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As regards the moat economical power and machines 
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the lift and the quantity to be raised. Hand or 
animal power, steam, wind, and water, are all employed 
as motiTe-powers for tliis purpose ; and the instru- 
Tnents for utilizing the power so used vary from the 
primitive rope and hncket to the water-ram and the 
steam- pump. 

For raising water from open wells, the rope and 
bucket is the most simple means. An improvement 
on the old mode of dj-awing by bucket is shown in 
Fig. 25, as designed aqd maT^ufactu^ed by S. Owen and 




Fig, 29. 

Sons, London, in which a windlass is erected over the 
well, and two buckets are in use, one fiUing while the 
other is emptying. Where required, a self-tipping 
apparatus is provided, with a cast or wrought iron 
trough, into which the buckets discharge themselves as 
they reach the surface. In Fig. 26, part of a series of 
troughs is shown connected together by short pieces of 
flexible or other pipe, so that any number can be filled 
for watering a large flock of sheep (as required in the 
Australian colonies, &e.), the man &t *^« ^V<^ ^gje^^ 
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ing at hia work vhfle the self-aotmg apparatus filk 
his troughs. Hub apparatus for raismg water is also 
largely employed for deep wells in many parts of 




Fig 27 



England where pumps would be expensive, and the 
labour required to work them great. 

When a large and continuous supply of water has to 
be raised by this method, a pony or donkey may be 
employed to hoist the buckets. On tixe CjOTAm-aiit, this 
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mode is practised successfully, and the pony is trained 
to work without attendance. 

Well Pumps. — The pump, however, is a more con- 
venient instrument for raising water from wells than 
the rope and bucket. For low lifts, under 26 feet, 
the common suction, or lift pump, is sufficiently power- 
ful ; but for deep wells, force-pumps, or suction and 
forcing pumps, of the treble or double barrelled type, 
with valves in the buckets, and an additional retaining- 
valve for lifts over 100 feet, will have to be used. 
In these pumps the rods pass down inside the rising 
main pipes, which are of larger diameter than the 
working barrels, thus allowing of the buckets and valves 
being drawn up for repair through the pump-head or 
cover, which is fixed above the highest level to which 
the water is likely to rise under any circumstances. 
Without some such provision, access could not be 
gained to the working barrels and lower valves should 
they become immersed, or where they are confined in a 
small bore hole. 

Fig. 27 represents a small steam-engine working a set 
of Warner & Sons' treble-barrelled deep-well pumps. 
The same class of pumps can be furnished for water, 
wind, horse, and even for manual power. 

Where only small supplies of water are needed^ the 
question of raising it from deep wells by manual power 
is, however, so difficult to arrange, that small motors, 
of one or more horse -power, worked by gas or hot air, 
are commonly employed, especially in country houses. 
They are more economical than steam, and do not require 
skilled labour. 

Power required to raise Water from Deep Wells. — 
Appleby gives the following table of power required to 
raise water from deep wells by pumping \ — 

G 
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Gallons of water raised per hour ... 


800 


860 


600 


660 


800 


1000 


Height of lift for one man, in feet 
„ „ „ donkey,, 
„ „ „ horse „ 
„ H.P. •> 
steam-engine j " 


90 
180 
630 

990 


51 
102 
357 

561 


36 

72 

252 

396 


28 

56 

196 

308 


22 

45 

154 

242 


18 

36 

126 

198 



A good high-pressure steam-engine should raise 
3,300 gallons 1 foot high per minute per nominal 
horse-power; the friction of the pump being com- 
pensated by the excess of the indicated power over the 
nominal.* The power required depends, of course, on 
the height to which the water has to be raised. 

JRule for finding required JEorse-Power. — For calcu- 
lating the horse-power required to raise a given quan- 
tity of water to a given height, we have this general 
rule : multiply the weight in pounds of water to be 
lifted in one minute by the vertical height in feet, and 
divide by 33,000. 

Example, — Find the horse-power that will be required 
to raise 2,000 gallons of water per minute to a height 
of 100 feet. 

A gallon of water weighs 10 lbs. Therefore 

2,000 X 10 X 100 -f- 33,000 = 60-60 H.-P. 



Many engineers add one-fifth for friction. This would 
bring the required horse-power in the example up to 
72-72. 

Cost of Pumping, — Mr. Fanning gives the following 
among other examples of the cost of pumping water in 
various American cities by steam-power and by water- 
power : — 

♦ Box, **OnHydTa\i\ica" 
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Centrifugal Pumps. — For raising a large volume ol 
water to a moderate height this class of pump is in- 
valuable. The limit to which it can be economically 
employed depends upon circunutances which are con- 
stantly varying. It is used to raise water to a height 
of 40 or 50 feet at times, but is best adapted to lifts not 
exceeding 25 feet. 

An advantageous arrangement is to work these pumps 




Fig. 28. 



by a portable engine, as not only can both the engine 
and pump be placed in any position moat suitable for 
working, but when not required for raising water the" 
engine can be easily detached, and applied to any work 
for which portable engines are adapted — such as sawing, 
threshing, grinding, &c. 
On low-lyiag lands an engine an& 'E>^'^'9 ^^ ^^'^ ^^aat 
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wIkmi wind- 
wells for irri- 
sloc.k, ir si(»ra<,^(i 
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effectively worked by a small windnull, and a larger 
one will many times fomiali a fiiU water-supply for 
every purpose on the farm. Wliere water has to be 
raised for gardens, a wiadmill is indispensable. On the 
dry plains of the far West, too, where deep wells have 




Pig. 29. 



heeia sunk, but are not self-flowing, the windmill la the 
only means of economically bringing the water to the 
surface, and of enabling stock-grazing to be carried on 
with success and profit. The wells may be many miles 
from the homestead, but a windmill-pamp will keep up 
ma UD&iUng supply of water «iOiont ^« iaol^ «MiB&tion 
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of the stockmaster, and at no cost for wages and fuel. 
Fig. 29 represents a windmill working a well-pump, 
as erected by J. Warner & Sons, London. 

Self-regulating windmills are now made of two kinds. 
In one kind the circle of fans faces the wind at all times, 
but their angle to the wind is changed with its force. 
The other is the " solid wheel," the fans being all fixed, 
which swings round with its edge against the wind, 
when it becomes violent, by a self-regulating arrange- 
ment, which is partly efiected by the centrifugal force 
of weights, and partly by the direct pressure of the 
wind. In the former, the self-regulating contrivance 
is as follows: When the mill begins to run too fast 
it pumps water rapidly into a chamber or cylinder, and 
this increase of water moves an arm, which turns the 
fans edgewise to the wind. When the wind slackens, a 
reverse movement takes place. By these arrangements 
the mills are rendered perfectly safe even in a gale of 
wind. Both these forms are well adapted to farm pur- 
poses and pumping water for cattle. They are made of 
various sizes, and range in price from £10 to £200. 

Water-Power. — ^Water, like wind power, is more 
economical than steam power for pumping purposes 
when it can be conveniently employed. Our illustra- 
tion (Fig. 30) shows an overshot water-wheel, by S. 
Owen & Sons, London, working a set of treble-barrelled 
pumps for the supply of a farm, &c., where a large 
quantity of water is required. In other cases, breast or 
undershot water-wheels may be employed, and they 
can be worked with any water that is available. Mr. 
Wheeler gives an instance of a water-wheel working 
treble-barrelled pumps, for the supply of pure water for 
a mansion, homestead, gardens, stables, &c., the motive 
power being* sewage ; and in ano^enc ^^^^, >«V^'^'^ *^^ 
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water is taken from the duck |>ond, to pump pure water 
from the well. The wheels and pomps oost from £76, 
for supplying l,700.gallon8 a day, through 1,200 feet 
of inch pipes, with 90 feet lift, the &11 for vorking 




Fig:. 30. 

the wheel being only 5 feet ; to £133 for supplying 
1,200 gallons through 1,600 feet of piping, with 165- 
feet lift. Mr. Glutton states that the cost of fixing 
water-wheela 8 feet in diameter, in the neighbourhood 
of the Cotswold Hills, for the supply of farm premises 
aad cottages, was from £55 to £70. 

Noria, or Persian Wheel. — Markham* thus describes 
the use of the Noria (Fig. 31) in Eastern Spain, for 
raising water to irrigate terraced fields on different 
levels above the canal : " These norias are of extreme 
antiquity, having been used in one form or another 
iirom time immemorial by Eastern nations. A deep 
channel is cut from the canal, over which a huge 
timber wheel is placed, upwards of 15 feet in diameter. 
By its side are two stone pillars supporting a cross-bettm. 
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to the centre of which au upright beam is attached. 
This upright beam is the axle of a double wheel working 
horizontally, the two parts being joined by strong bat- 
tens which lock with cogs in the great wheel. A long 
pole is fastened to the upper part of the upright beam, 
to which moles are harnessed and driven round. They 
move round the horizontal wheel, the battens of which 




Fig 31 



lock with the cogs in the great wheel and turn it round. 
The great wheel is fitted with a sncoesaion of boxes 
round the circumference, which fill when at the lower 
end of their revplutton, bring the water up, and pour 
it into a trough leading into a channel. Thus the 
fields up to 15 feet above the level of the mother oanal 
are irrigated. The upper c\LanTi.e\ >nm^ "fioft wsc^sa^ 
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water to another large wheel, which raises it in the 
same way to terraced fields at an elevation of 30 feet 
above the mother canal. The norias in Algiers and 
elsewhere are usually fitted with earthenware jars, 
instead of boxes round their circumference.'* 

Hydraulic Ram. — The improved self-acting hydraulic 
ram is a highly useful and efficient apparatus, and is 
now much employed for raising water for such purposes 
as irrigating lands and supplying farm buildings. 

Fig. 32 shows its con- 
struction and principle of 
working. " Its principal 
parts are the reservoir 
or air-chamber (a), the 
supply pipe (J), and the 
discharge pipe (c). The 
running stream rushes 
down the supply pipe (J), 
and striking the waste valve (rf) closes it. The stream 
being thus suddenly checked, its momentum opens the 
valve {e) upwards, and drives the water into the reser- 
voir (a) until the air within being compressed into a 
smaller space by its elasticity, bears down upon the 
water, and again closes the valve {e). The water in 
the supply pipe (S) has, by this time, expended its 
momentum and stopped running ; therefore the valve 
(rf) drops down again, and permits it to escape. It 
recommences running, until its force again closes the 
water valve {d), and a second portion of water is 
driven into the reservoir as before — so it repeatedly 
continues — the great force of the compressed air in the 
reservoir driving the water up the discharge pipe (c)." 
It works day and night without needing attention, and 
will raise water to any keigVit ox di^\»sisi^, ^l\iaut 



Fig. 32. 
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cost for labour or motive power, where a few feet fall 
can be obtained. With the same quantity of water and 
fall to work it aa the water-wheel and pump, the ram 
will send up double the quantity of water that the 
wheel will do, and to the same height. The ram is 
made in sizes to raise from 300 to 100,000 gallons 
per day, and will force to a height of 1,600 feet. It 
raiaes a part of the same water that works it, or will 
raise pure water &om a well or spring, whilst worked 
from a stream of impure water. Oar illustratioii 
(Fig. 33) shows a ram, erected by Messrs. S. Owen 
and Sons, supplied by a fall of water trom a lake, and 




Fig 33. 

forcing up to a farm at an elevation ; the waste water 
expended in working the ram being carried off to a 
lower level and into the natural channel which the 
overflow of the lake finds for itself. It will work when 
quite immersed ; its cost is small to begin with ; it 
oocupies but little space ; and will work for years with- 
out once stopping or needing any repairs. 

The hydraulic ram is applicable where no more than 
18 inches fall can be obtained, but the greater the fall 
the more powerful the action of the machine, and the 
greater the elevation to which the water can he raised. 
If at all possible, a fall of 8 or 10 ieeX, ^Q"ii^\» Oo- 
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tained. At the same time it is not adyisable to use a 
greater fS^ than is absolutely necessary to raise the 
required quantity of water to the desired height^ as the 
ram is then subjected to an unnecessary amount of 
work, the wear and tear of all the parts is increased, 
and the durability of the whole is proportionately de- 
creased. 

The proportion between the water raised and that 
running to waste depends mainly on the height of the 
spring or source of supply above the ram, relatively 
with the height to which the water is delivered. The 
quantity raised varies in proportion to the height to 
which it is conveyed with a given fall, and the length 
of the pipe through which the water is forced ; the 
longer the pipe, the greater is the friction to be over- 
come. It is, however, not unusual to apply a ram for 
forcing water to a distance of 1,000 yards or more. 

If the ram is fixed at a reasonable distance from the 
point where the water is to be delivered, the fall neces- 
sary to deliver a given quantity is approximately as 
follows* : — 

About one-seventh part of the water will be raised to 
five times the height of the fall, and so on in the same 
proportion. 

Thus, if the ram be placed under a head or fall of 
10 feet, and the stream delivers 50 gallons per minute, 
about 7 gallons per minute can be raised to a height 
of 50 feet, or 3| gallons to a height of 100 feet ; or, 
in other words, an efficiency of 70 per cent, is obtained. 
Some of the improved forms of ram show, we believe, 
considerably greater efficiency than this. 

The ram should be fixed in a pit 2 or 3 feet deep, 
sufficient to protect it from frost, and a race should be 

• Appleby, " Handbook oi "blacVaii^ry ?* 
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cut to convey the waste water away. The pipes should 
also be laid at such a depth in the ground that they are 
out of the reach of the severest frost. 

The cost of raising water by means of a hydraidic 
ram will depend on the quantity of water to be raised, 
the height to which it has to be forced, and the length 
of piping. Mr. Wheeler gives particulars of rams fixed 
for the supply of houses and gardens, varying from 
£92 10s., with a lift of 200 feet and 1,800 feet of 
piping, and yielding 1,400 gallons in 24 hours ; to £26 
for 273 feet of piping and 1,700 gallons. 



CHAPTER XVI. 

WATEE-SUPPLY FOR LITE STOCK AND FOE 
AGRICULTUEAL MACHINEEY. 

In tlie earlier chapters of this work attention has been 
drawn to the need of water in the economy of plant life 
and growth, and to its use in irrigating land for the 
supply of those wants. The amount of water necessary 
for irrigation works may be greater than the require- 
ments for other agricultural purposes, but assuredly not 
more important. For the live stock of the farm the need 
of water is more urgent than for irrigation, and the 
dependence of live stock on artificial supplies is more 
incessant. Whether in the fields or in the yards, water 
is a first necessity in summer, and also in the yards during 
winter. Only those who have had experience of stock- 
keeping on a large scale in waterless regions, where 
there is little or no rainfall during many months of the 
year, can realise the full importance of this part of our 
subject. The water-supply for agricidtural engines is 
now only of secondary importance, and water-power for 
driving threshing or any other machines, if not an ab- 
solute necessity, is certainly a very great economy and 
advantage in many situations. 

Water for Stock in the Fields. — A supply of good 

water for stock during the summer months is an 

essential requisite in all pasture fields. Horses and 

cattle require on the average aboMtfcv^ g;eSV<^Ti& ^ajcXi^r 
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day, and a sheep about half a gallon per day in dry 
weather. On waterless formations, therefore, any means 
of rendering water easily come at does much to enhance 
the value of the land for grazing purposes. 

The plans usuaUy adopted are either to sink deep 
wells or to form reservoirs or drinking-ponds. If a 
well is sunk in the comer of a field where two fences 
cross, one trough may be made to serve for watering 
the stock in four fields ; and if the well has plenty of 
water, pipes may be laid to carry part of it to other 
fields, which will be found cheaper than sinking more 
wells. When a pump is necessary, the water-trough 
for the stock should not be placed immediately under 
the pump-spout, but some feet distant, a piece of tubing 
being employed to convey the water. The pump itself 
should be fenced off so that cattle and horses cannot 
reach it. 

Millions of acres in Central Australia, which for 
years have been considered iminhabitable, have been 
turned into fertile country by the aid of artesian wells 
and catch-water reservoirs. The country in parts is 
fairly watered, but wells are everywhere necessary to 
supplement the supply from the creeks. Those squatters 
who recognise this fact are doing well. The most 
valuable run, Tarella station, carries 60,000 sheep, the 
owner having constructed eight dams, averaging 
10,000 cubic yards each, on the Bunker Creek. Not 
content with this, he sank three artesian wells at dif- 
ferent spots, one of which is sufficient for the require- 
ments of 20,000 sheep, whilst each of the others yields 
3,000 gallons of water a day. A new artesian well at 
Sale, with its overflow of 400,000 gallons of water a 
day, rising 12 feet above the surface, is a great success. 
The recent sinMng of an axteaia'a ^^\s^ "^JLt.^^ 
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Renzil Wilson,. on Tatara Run, near Cnrriwillinglii, on 
the New South Wales side of the Queensland boundary, 
where at the depth of 200 feet a spring was tapped 
which forced itself to the height of 15 feet above the 
surface, and at the estimated rate of 500 gallons per 
minute, is even more successful. 

Field ponds answer very well in localities where no 
other means of coming at water for stock is available. 
These are simply small reservoirs or receptacles for 
collecting water, and are dug out of the ground. They 
are usually made circular in plan, and so situated that 
they furnish a supply to four fields. 

It need never be very difficult to make a pond in a 
clayey soil, which is itself retentive of water. Where 
ponds are made in a porous soil, much more care is neces- 
sary. The bottom and sides must then be covered with 
a thick coat of the toughest clay, from a foot to two 
feet thick, well rammed down. There is the greatest 
difficulty in finding water in chalky soils, because these 
are not in themselves very retentive of it, and generally 
lie in such beds that it is impracticable to dig through 
them. But even here ponds are easily made by digging 
into the chalk, and lining them with a coat of clay, as 
before directed. Some farmers judiciously pave the 
declivity by which the cattle approach the pond, and this 
renders it much more lasting than it would be, and pre- 
serves the water clean, while others pave the whole pond. 

There are different methods of constructing ponds, 
but the plan adopted is generally this: The ground 
plan is circular, and usually 40 or 45 feet in diameter, 
with a centre depth of about 5 feet. This hole being 
dug out, a layer of clay, sufficiently moistened, is 
trodden down to the depth of a foot. Upon this » 
layer o£ quick-lime, an inch ox mox^ m WiosjKxi^aa, ia 
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spread ; and aboYe tliat another layer of clay, a foot 
thick, is trodden and rammed as before. The use of 
the lime is to prevent worms penetrating through the 
clay in dry weather. A pond of the above dimensions 
will cost from £8 to £12. 

Formerly the price of making a pond 60 feet in 
diameter was £10. A circle 60 feet in diameter con- 
tains an area of 314 square yards ; so that each square 
yard of surface cost at this rate 7^d. And the capacity 
of such a pond, 6 feet deep in Centre, is 209*4 cubic 
yards, each of which must have cost in the above in- 
stance ll^d. Five pounds have been given for a pond 
36 feet in diameter, which is lO^d. each square yard of 
surface ; and supposing it 4 feet deep at the centre, 2s. 
each cubic yard. It is plain from these figures that 
the larger the pond the less in proportion is the expense. 

Water for Stock in the Tarda, — Where a supply can- 
not be drawn from springs or running streams, recourse 
should be had to deep wells or to rain-water tanks. 
Ponds and open watering-places about the farmyard 
are very objectionable, as the water in them is always 
more or less polluted from yard drainage and from 
trampling by cattle. In many places driven or bored 
wells are now erected within the buildings, and even 
where the supply has to be brought a considerable dis- 
tance from running springs, the employment of pipes 
enables water to be laid on to every stall in the yards 
if necessary, and at a comparatively small cost. The 
boon of this can only be appreciated by those farmers 
who have tried it. Not only is less labour entailed in 
tending the stock, but the animals themselves thrive 
better than when they are driven out to drink in all 
sorts of weather, and left standing in the pond, or 
han^'22^ about the yard- gates to catc^ a ^JtiSJi. 
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The roofs of all farm buildings are, or ought to be, 
spouted ; and if the rain-water from the roofs is collected, 
it will in most cases be found more than sufficient not 
only for the supply of the farm stock, but also for 
threshing purposes. Bain-water from the roofs, if 
stored in cool brick tanks, will keep sweet and fresh for 
any length of time and in any climate. We have pur- 
sued this plan in the tropics for a number of years, and 
though it was our only supply for domestic use, never 
had reason to complain of the water. Every 1,000 
square feet of roofing, with a rainfall of 32 inches, will 
yield over 16,000 gallons of water per annum ; and as 
the buildings on an average farm afford at least four 
times that amount of roof surface, it is evident there 
need be no lack of water about the farmyard. At the 
above rate, 4,000 square feet of roofing would supply 
64,000 gallons of water per annum, or 176 gallons per 
day. But the consumption of water at the yards, on an 
average-sized farm, would be very much less than that. 
The cattle would be in the pastures all summer, and 
the horses also, perhaps; so that the summer con- 
sumption of water by live stock, in an ordinary farm- 
yard, would never be likely to exceed 60 gallons per 
day. The brick tanks or cisterns should be large 
enough to contain a supply for eight months. Rain* 
water stored in barrels, especially open-headed barrels, 
is not fit for animals to drink. A plentiful supply of 
good water for live stock all through the dry summer 
weather, laid on both to fields and yards by supply pipes, 
troughs and ball cocks, instead of having to cart it very 
often from a distance, is so great a boon that no farmer 
would object to pay 6 per cent, on the necessary outlay. 

Water for Agricultural Machinery. — ^Another reason 
ior a good water supply to every field is the increasing 
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use of steam power in cultivating the soiL Every acre 
of land cultivated by steam requires about 100 gallons 
of water for engine use. A 20-acre field requires 2,000 
gallons. The convenience, not to say the economy, of 
having this supply at hand in the field itself is very 
great. On all recently laid-out farms, where steam cul- 
tivation has been introduced, much attention has been 
given to this point. Where springs, brooks, or drink- 
ing ponds are not accessible at every site likely to be 
occupied by the engines in cultivating an entire farm, 
tanks or wells should be provided. A tank placed in a 
comer where four fields meet would usually serve for 
all the fields, as in the case of a drinking pond so 
placed. 

On the majority of farms, where the fields are tile- 
drained, the drainage-water may be led into tanks or 
cisterns and stored in suflScient quantity, not only for 
the use of the engines employed in steam cultivation, 
but also for watering the live stock, and sometimes 
even for working a water-wheel or turbine. Messrs. 
Howard, on their Bedfordshire farm, have so planned 
the drainage that it supplies a tank or pond at every 
point occupied by the engine]engaged in tilling any part 
of the farm ; and at the farmyard a reservoir has been 
excavated in the clay which holds half a million gallons 
of water. Extensive application of drainage- water has 
also been made on the estates of Lord Hatherton, in 
Staffordshire. In this case several ponds are used for 
storing the water, which is first carried to the farm- 
yard and employed to drive a water-wheel which does 
all the threshing, &c., in addition to driving a saw* 
mill. After this, the water is passed to meadows on a 
lower level, where it is used in extensive and profitable 
irrijgfation. 



CHAPTER XVIL • 

WATER-SUPPLY TO DWEUilNGS. 

Important though it is to secure a good supply of 
water for irrigating crops, for watering Kve stock, and 
for driving machinery, the wants of the farmhouse 
itself, and of the cottages, are, in this respect, still 
greater. Water is one of the prime necessaries of life, 
and should be not only abundant but good. It is 
estimated that an adult consumes, on an average, about 
half an ounce daily for each pound weight of the body : 
therefore, a man weighing 160 pounds will require 75 
ounces daily; about 50 ounces in drink and the re- 
mainder in the food. Unless, at the same time, the 
water consumed is good, a perfectly healthy condition 
of the system cannot be maintained ; and it is well 
known that disease, in some of its most dangerous 
forms, is often introduced through the agency of bad 
water. Of course large supplies of water must be 
provided for domestic purposes beyond the quan- 
tities actually necessary to be consumed in food and 
drink. 

Quantity required. — "The minimum quantity that is 
sufficient for the supply of a cottage or small farm- 
house, for all ordinary domestic purposes, may be taken 
at 13| gallons per day, allowing 5^ persons as the 
average number to a house, and 2^ gallons for each 
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person. This, of course, gives no margin for water- 
closets, baths, or other similar luxuries, which belong 
only to a larger class of dwelling. This quantity may 
appear small; but, having made extensive inquiry 
amongst cottagers and others, I found sufficient 
evidence to satisfy myself that it was the full quantity 
that was used when the water had to be baled or 
pumped from a tank, and not left to run to waste from 
a tap. Mr. Easton, in his evidence before the Select 
Committee on the Public Health Amendment Act of 
1878, stated that, as the result of his experience and 
inquiries amongst cottagers in Sussex, he was satisfied 
that this quantity was sufficient. Colonel Cox put the 
quantity at 3 gallons a day, and the other witnesses 
agreed with the estimates of Mr. Easton and Colonel 
Cox, some even putting it at less. In the Sixth 
Report of the Rivers Pollution Commissioners is 
given an instance of four cottages, provided with a 
tank, in which the rain-water was collected from the 
roofs — one of the inhabitants being a laimdress, who 
used a large quantity of water, and another feeding a 
number of pigs. The size of this tank was barely 
sufficient to give 10 gallons a day to each cottage ; 
yet it is stated that it had never failed to maintain a 
sufficient supply. 

" The large quantity used in towns — varying from 
20 to 30 gallons a head — is due partly to manufac- 
tories, street watering, and flushing sewers; but, 
principally, to waste. This is proved by the fact, that 
towns supplied by meter do not average more than 7 
gallons a head ; and by the test applied to several 
streets in Brighton, where it was found that the supply 
did not average more than 4f gallons a head, although 
the number of persons to a house would be above 
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the average^ and water-closets and batlis be freely 
used."* 

Professor Rankinef gives as a fair estimate of tlie 
daily demand for water, per inhabitant, for different 
purposes, the following, based upon British water 
supply and consumption : — 

Imperial gallons per day. 

Least Average. Greatesfe. 
Used for domestic purposes ... 7 10 15 
Washing streets, extinguishing fires, sup- 
plying fountains, &c 3 3 3 

Trade and manufactures ... 7 7 7 

Waste under careful regulations, say .2 2 2J 

Totals .... 19 22 27J 

Sources of Supply. — "Water, as ordinarily used for 
drinking purposes, is obtained from either springs, 
wells, lakes, or rivers, or from stored rain-water or land 
drainage. "Where none of the other sources are avail- 
able, the rain-water falling on the roofs of the houses, if 
collected, filtered, and stored in underground tanks, wiU 
furnish an ample and perfectly good supply. 

" Granting,'* says Mr. "Wheeler, " that 2| gallons per 
head per day is enough for all the ordinary domestic 
requirements of a cottage, sufficient rain falls on the 
roof of every house in the course of a year, if properly 
stored, to yield a full supply. A cottage with its out- 
buildings covers about 600 square feet of ground. 
Taking the rainfall at 22 inches per annum, the quan- 
tity that may be relied on as an average in the driest 
districts of the country, a slated roof will yield 5,700 
gallons — ^nearly equal to a daily supply of 16 J gallons, 
or rather more than 2f gallons per head. Tiled roofs 

* Mr. Wheeler, C.E., " Universal Conference on National Water- 
Supplj," 1879. 
t '' Civil JEngineering" 
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would yield less than this, being more porous than 
slates. Thatched roofs may be considered as altogether 
unsuitable for the collection of rain-water, from their 
absorbent nature, the difficulty of providing spouting, 
and the chance of pollution from the organic matter in 
the decaying straw." 

Where rain-water from the roofs is the only supply, 
the minimum size of the tanks to be provided becomes 
an important question. It is usually reckoned that 
the impounding tanks or reservoirs should contain four 
months' supply in the rainy districts and six months' 
supply in the dry districts of England. Thus a tank 
for a cottage, where the daily consumption is 14 gallons, 
would require to hold from 1,680 to 2,548 gallons. 

At the Eeading Meeting of the Royal Agricultural 
Society of England last year, Mr. C. Q-. Roberts, Hasle- 
mere, Surrey, exhibited a very ingenious apparatus for 
collecting pure rain-water from the roofs of buildings. 
The apparatus, which is entirely self-acting, consists of 
a separator, the function of which is to reject the bad 
and store the good water, by preventing the first portion 
of the rainfall (which washes and brings down from 
the roof or gutters all kinds of impurities) from passing 
into the storage tank. The first water from the roofs 
when a shower falls is directed into the waste-pipe ; then 
the separator cants, and turns the pure water into the 
storage tank. An illustration of this apparatus appears 
in the Journal of the Society, vol. xviii., part 2. 

Impurities in Water, — Water may be very good for 
irrigation purposes and yet utterly imfit for household 
use. The most wholesome waters, as a rule, are spring 
water, deep- well water, and upland surface water ; and 
the most dangerous ones are river water, to which 
sewage gains access, and shallow -weW. ^^.\»«t. ^\»<3t^^ 
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rain-water, especially that gathered in large towns and 
cities, where smoke from innumerable chinmeys taints 
the air, and the surface water from cultivated land, are 
of " doubtful '' quality. 

Rain-water is more pure than any other water before 
its descent, and it is only in large towns or cities where 
it becomes contaminated by atmospheric impurities, and 
is rendered unfit for use in the condition in which it 
falls. It is generally termed soft, in contradistinction 
to spring water, which is considered hard. The soft- 
ness, which consists in a solvent action upon the fatty 
substance of the skin, is owing to a small amount of 
carbonate of ammonia, which is formed in the atmo- 
sphere and precipitated with the water. 

Spring water and deep-well water, when impure, are 
usually so from the excess of inorganic matter, with 
which occasionally they rise highly charged. These 
admixtures are derived from the ground through which 
the water flows. The incrustations which form in steam 
boilers are caused by the precipitation of the impu- 
rities, in consequence of the concentration of the water 
in the boiler. They may be effectually removed, no 
matter what their nature, by boiling charcoal in the 
water, or by gently heating the water and filtering it 
through charcoal. 

Pond water and shallow- well water is often full of 
animalcula, sewage, vegetable matter, sediment, &c. 

The water from mountain streams and rivulets is 
always purer than that from low grounds, because the 
water from high lands runs rapidly, and generally over 
gravelled beds. River water from low grounds is 
generally rendered impure by the presence of organic 
matter generated in sewers and drains, and thence dis- 
charged. Almost every gallon of such water contains 
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a quantity of spores, seeds, or ova of vegetable and 
animal organisms, and if a bottle of it is allowed to 
stand by for a short time a sediment is thrown down 
in which a nmnber of creatures will be discovered by 
the microscope. "Water of this sort is unwholesome 
and dangerous, whether it contains the actual carriers 
of disease or not* 

Mltration. — ^In all towns where water-works exist 
the water supplied has already undergone filtration 
through sand and gravel, which is the only plan avail- 
able for companies dealing with such immense quantities 
of water. One square yard of filter-bed should be pro- 
vided for each 700 gallons required in 24 hours, and 
the filter-bed should be 6 feet in total depth, composed 
as follows : 30 inches of fine sand, 6 inches of coarse 
sand, 6 inches of shells, 30 inches of gravel. Perfo- 
rated pipes should traverse the bottom of filter-beds to 
collect the filtered water, and the fine sand forming the 
top stratum should be frequently renewed. 

The sand and gravel filter, however, is not suflBcient, 
nor has it the power to remove a deal of the animal- 
cula and other injurious matters often contained in the 
water. River water thus filtered may be none the less 
unwholesome because it is made clearer. Every one 
knows that the liquid evacuations of both men and 
animals is often clear, and can be readily passed through 
a stratum of coarse sand, but the liquid is not less free 
from sewage after being so passed. This filtration at 
best can only be looked upon as a means of removing 
the grosser impurities. It is therefore imperative that 
the water should undergo another and more complete 
filtering process before it can be considered fit for 
drinking, such as passing it through certain media 
which have the power of thoroughly purifying the 

H 
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water by oxidizing the organic matter and changing 
chemically the impurities in solution. 

The Begistrar-General most strongly recommends 
the adoption of a system of domestic filtration^ every 
consumer employing upon his own premises suitable 
means to purify the water required for his use. He 
also recommends that householders should obtain real 
water purifiers, and not mere strainers. The old- 
fashioned system of passing water merely through balls 
or slabs of charcoal, or material which -has the appear- 
ance of being charcoal, worked into a solid form, is for 
the most part useless for the proper filtration of water. 
The best filters are constructed entirely with pure 
charcoal, and remove lead, lime, and sewage from water. 
They are also self-cleansing. 

In Fig. 34 we have an illustration of Lipscombe's 

Self - cleansing 
Charcoal Cis- 
tern Filter. The 
drawing repre- 
sents a filter and 
pure water re- 
servoir inside 
an ordinary 
house cistern^ 
but they may 
be modified to 
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Fig. 34. 



suit any cistern or tank above or under ground. The 
impure water passes through the inlet into chamber of 
filter, thence upwards through a plate^ usually of porous 
stone, represented by the dotted line, then through 
powerful purified charcoal into the pure water reser- 
voir, {rom which it may be drawn off cold by the pure- 
water tap, or hot and pure from t^o \io\W. 
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Artificially enriclied water, 24 
Aaaessment of water rate, 32 
Available rainfall, 109 
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Beans, 27 
Bedford sewage farm, 77 
Bed- work irrigation, 34, 35, 37, 87 
Beet, 21 
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fJABBAGE, 21, 27 

Canal irrigationi 91 
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Carolina rice, 66 
Catchment basin, 109 
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Control of water, 1 
Cost of irrigating land, 87 
maMng ponds, 137 
making wells, 106, 108 
pumping, 122 
warping, 86 
Cotton, 31 
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Crops adapted for irrigation, 20 
Croydon sewage farm, 76 
Cultivation of irrigated land, 64 

rice, 68 
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DANaEROUS water, 143, 147 
Deep-well water, 144 

Definition of irrigation, 1 

Depth of rainfall, 109 

Distillation of water, 96 
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Drainage in connection with irri- 
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Drainage water for irrigation, 17 
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Drought)^ 



148 



INDEX. 
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supply and floods, 96 
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6 
of warping, 84 

ETaporation from plants, 2, 3 

f^IELD pumps, 135 

Fining a reservoir, 115 
Filter beds, 145 
Filtration, 145 
Flax, 32 

" Flowing " wells, 98, 103 
Formation of water-meadows, 36 
Fruit grounds, 27, 31 

QARDEN engines, 51, 81 

Gardens, 27, 32 
Gathering-ground, 109 
Grain crops, 21, 32 
Grass meadows, 27 
Grasses, 21, 32 

« 2ARD" water, 26, 144 

Hatches, 41 
Hemp, 31 
Hop syringe, 52 
Hydraulic ram, 130 

IMPOVERISHING effects of 
^ irrigation, 8 
Impurities in water, 143 
Incrustation in boilers, 144 
Indigo, 27, 31 
Influence of dimate, 20 
of situation, 18 
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drought, 9 
of vegetation on rainhU, 92 
Irrigation by pipes and hose, 48 
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25 
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Management of irrigate 
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Management of grass lands, 53 
Measurement of rainfall, 109 
Modes of irrigating, 34 
Moisture in soils, 2 
Muddy waters, 24 

]^EED of irrigation not inces- 
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Xoria, or Persian wheel, 128 
Nozzle for shower irrigation, 50 
Number of waterings, 26, 29, 32 
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Object of irrigating, 27 
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"Pane "system, 73 

Peas, 27 

Pines, 32 

Pond water, 144 

Ponds, 136 

Potatoes, 32 

Power required to raise water 
from deep weUs, 21 

Practical advantages of irriga- 
tion, 11 

Prairie irrigation, 2 
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for irrigation, 28, 26 
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]^AINFALL, 92 

Bain water, 143, 144 

Bain-water tanks, 138, 143 

Baising water, 116 

Beading sewage farm, 76 

Beasons for irrigation, 2 

Bepairs to water-meadows, 68 

Beservoirs, 15, 109, 115 

Bice, 22, 27, 31, 65 
irrigation, 65 

Biver water, 25, 144, 145 

Bomf ord sewage ^urm, 74 

Boof water, 138 

Bope and bucket, 119 

Bye-grass, 21, 27, 59 

gAND and gravel filter, 145 

Seasons for warping, 83 
Sewage irrigation, 72 

sickness, 78 
Shallow well water, 144 
Side irrigation, 47 
SUting, 82 
Site of reservoir, 111 
Sluices, 41 

"Soft" water, 26, 144 
Soils adapted for irrij?ation, 18 

and situations for warping, 
85 

sterile from lack of water, 2 
Soot water, 81 

Sources of water-supply, 92, 142 
Spring feeding, 55 

water, 144 
Springs, 14, 93, 103 
Storage of drainage water, 139 
Streams, 14 



Sub-irrigation, 46 
Sugar-cane, 21, 27, 31 
Swamp irrigation, 65 
Syphon, 116 
Syringes, 51 

TESTS of water, 25 

Theory of irrigation, 6 
Time of watering, 63 
Tobacco, 27, 31 
Turnips, 21, 27 

'^ABPING, 82 

Water-bearing strata, 93 
Water-carts, 51, 52 
Watercress, 22, 70 
Water for dwelliags, 140 
irrigation, 23 
live stock, 134 
machinery, 134, 138 
steam cultivation, 139 
stock in the fields, 134 
stock in the yards, 137 
in plants, 2 
power, 127 
supply, 14 
Watermg arable land, 60 
Watershed, 109 
Well irrigation, 91 

pumps, 121 
WeUs, 16 

and weU-sinking, 98 
Wheat, 27, 31 
"Wholesome" waters, 143 
Wind power, 126 
Wooden "stop," 42 
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Revised and Edited by F. T. W. Miller, Architect and Sur\'cyor. .p. 6d. ; 
halt bound, 4s. \Just published. 

182. CARPENTRY AND JOINERY— Tnys. Elementary Prin- 
ciples OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, CE With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d. J 

182*. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 

accompany the above. With Descriptive Letterpress. 4to. 6s.; cloth, 7s. 6d. 

187. HINTS TO YOUNG ARCHITECTS. By George Wight- 

WICK. New, Revised, and enlarged Edition. By G. Huskisson Guillaumb, 
Architect. With numerous Woodcuts. 3s. 6d.$ 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING: A Practical Manual of, containing full information on the 
Processes of House-Painting, the Formation of Letters and Practice of 
Sign-Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House-Painters, Writers, See, 8cc. With 9 Coloured Plates of 
Woods and Marbles, and nearly 150 Wood Engravings. By Ellis A. 
Davidson. Third Edition, revised, ss. cloth limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING, 

In Six Sections: General Principles; Arch Drawing, Cutting, and Setting: 
Pointing ; Paving, Tjling, Materials ; Slating and Plastering ; Practical 
Geometry, Mensuration, &c. By Adam Hammond. Illustrated, is. 6d. 

191. PLUMBING A Text-Book to the Practice of the Art or Craft of 
the Plumber. With Chapters upon House Drainage, embodying the latest 
Improvements. Fc»urth Edition, revised and enlarged. With above 330 
Illustrations. By W. P. Buchan, Sanitary Engineer. 3s. 6d.t 

l^ust published, 

.192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
and BUILDER'S STANDARD GUIDE ; comprising copious and valu- 
able Memoranda for the Re'ailer and Builder. By Richard E. Grandy. 
Second Edition, Revised. 3{;.t 

205. THE ART OF LETTER PAINTING MADE EASY. By 

J. G. Badenoch. Illustrated with 12 full-page Engravings of Examples, xs. 

206. A BOOK ON BUILDING, Civil and Ecclesiastical, including 

Church Restoration'. With the Theory of Domes and the Great Pyramid, 
&c. By Sir Edmund Beckett, Bart., LL.D., Q.C., F.R.A.S. Second Edition, 
enlarged, 4s. 6d.t ^^^^^^ 

|[g|* The X indicates that these vols, may be had stron gly bound at ^d. extv<u. 
7, stationers' hall court, "L\3IiOKT^ TaA\A*^ ^«C.» 
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Architecture, Building, etc., continued, 
226. THE JOINTS MADE AND USED BY BUILDERS in the 

Construdtion of various kinds of Engineering and Architectural Works (A 
Practical Treatise on). With especial reference to those wrought by Arti- 
ficers in Erecting and Finishing Habitable Structures. By Wyvill J. 
Christy, Architect. With upwards of 160 Engravino^ on Wood, is.t 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 

(An Elementary Treatise on). Deduced chiefly from the Works of Robison, 
Tredgold, and Humber. By E. Wynouam Tarn, M.A., Architect. With 
numerous Illustrations, xs. 6d. * VjFusi published, 

229. ELEMENTARY DECORATION: A Guide to the Simpler 

Forms of Everyday Art, as applied to the Interior and Exterior Decoration 
of Dwelling-Houses, &c. By James W. Facey, Jun. Illustrated with 
Sixty-eight explanatory Engravings, principally from Designs by tiie 
Author. 2S. [Just published, 

230. HANDRAILJNG (A Practical Treatise on). Showing New and 

Simple Methods for finding the Pitch of the Plank, Drawing the Moulds, 
Bevelling, Jointing-up, and Squaring the Wreath. By George Collings. 
Illustrated with Plates and Diagrams, xs. 6d, {Just published, 

CIVIL ENGINEERING, ETC. 
219. CIVIL ENGINEERING, By Henry Law, M.Inst. C.E. 
Including a Treatise on Hydraulic Engineering by Geo. R. Burkell, 
M.Inst.C.E. Sixth Edition, revised, with Large Additions on Recent 
Practice in Civil Engineering, by D. Kinnear Clark, M.Inst. C.E., 
Author of " Tramways : Their Construction," 8cc. 6s. 6d., Cloth boards, 7s. 6d. 

31. WELL-DIGGING, BORING, AND PUMP-WORK, Bv John 
George Swindell, A.R.I.B. A. New Edition, by G. R. Burnell, C.E. is. 6d. 

35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John Burgoyne, Bart., K.C.B. Illustrated, xs. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
•tmctions on the Science of. By Sir M. Stephenson, C.E. New Edition, 
by Edward Nugent, C.E. With Statistics of the Capital, Dividends, and 
Working of Railways in the United Kingdom. By E. D. Chattaway. 4s. 
8o». EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Capital. With Examples 
and Particulars of actual Emhanicments, &c. By J. Wiggins, F.G.S. as. 

81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumping Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Emtion. 4S.I 
117. SUBTERRANEOUS SURVEYING, an Elementary and Prac- 
tical Treatise on. By Thomas Fenwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modem Improvements. By Thomas Baker, C.E. Illustrated, as. 6d.t 
ri8. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 
197. ROADS AND STREETS {THE CONSTRUCTION OF), 
in two Parts : I. The Art of Constructing Common Roads, bjr Henry 
Law, C.E., revised by D. K. Clark, CE. ; II. Recent Practice, including 
pavements of Stone, Wood, and Asphalte, by D. K. Clark. 4s. 6d.t 
203. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprising: — i. Some of the more Common Forms of 
Nuisance and their Remedies ; 2. Drainage ; 3. Water Supply. By Charles 
Slago, A.I.C.E. 2s. 6d.t 

212. THE CONSTRUCTION OF GAS-WORKS, and the Manu- 

facture and Distribution of Coal Gas. Originally written by Samuel 
Hughes, C.E. Sixth Edition, re- written and much Enlarged by William 
Richards, C.E. With 72 Illustrations. 4s. (5d.t 

213. PIONEER ENGINEERING, A Treatise on the Engineering 

Operations connected with the Settlement of Waste Lands in New Coun- 
tries. By Edward Dobson, Assoc. Inst. C.E. 4s. 6d.t 

The t indicates thai these vols* may be had strongly bound at td. extra, 
LONDON: CROSBY LOCKWOOD AND CO.. 
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MECHANICAL ENGINEERING, ETC. 

33. CRANESy the Construction of, and other Machinery for Raising 

Heavy Bodies. By Joseph Glynn, F.R.S. Illustrated, xs. 6d. 

34. THE STEAM ENGINE. By Dr. Lardner. Illustrated. is.6d. 
59. STEAM BOILERS: their Construction and Management. By 

R. Armstrong, C.E. Illustrated, is. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentery Treatise 
on. By Sir Edmund Beckett, LL.D., Q.C. Seventh Edition, revised and en- 
largfed, with numerous Illustrations. 4s. 6d. cloth limp ; 5s. 6d. cloth boards. 

[yust published. 
82. THE POWER OF WATER, as applied to drive Flour Mills, 

and to give motion to Turbines, &c. By Joseph Glynn, F.R.S. 2s4 

98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. ByT. Baker, C.E. With Additions by J. Nasmyth, C.E. 2s.6d.:t 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 

of, with Rules and Examples for Practical Men. ByT. Baker, C.E. xs. 6d. 

162. THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern -Making, Moulding, Turning, Filing, Burnishing, 

Bronzing, 8cc. With copious Receipts, &c. By Walter Graham, as.* 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, &c., 8cc. By J. G. Winton. ^Illustrated, js.t 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. 2s. 6d4 

166. POWER IN MOTION: Horse-Power, Toothed-Wheel Gearing, 

Long and Short Driving Bands, and Angular Forces. By J. Armour, 2s.6d.i 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. By Francis Campin, C.E. 2s. 6d.t 
171. THE WORKMAN'S MANUAL OF ENGINEERING 
■ DRAWING. By John Maxton, Engineer. Fourth Edition. Illustrated 

with 7 Plates and nearly 350 Woodcuts. 3s. 6d4 
190. STEAM AND THE STEAM ENGINE, Stationanr and 

Portable. Being an extension of Mr. John Sewell's " Treatise on Steam.*' 

By D. K. Clark, M.I.C.E. Second Edition, revised. 3s. 6d.t 

200. Fuel, its Combustion and Economy. By C. W. Williams, 

A.I.C.E. With extensive additions on Recent Practice in the Combustion 
and Economy of Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. — by D. K. 
Clark, M.I.C.E. 2nd Edition. 3s.6d.:t 

202. LOCOMOTIVE ENGINES. By G. D. Dempsey, C.E. ; with 
large additions by D. Kinnear Clark, M.I.C.E. 3s.t 

211. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 
plating, and Calculating Boiler and Tank Work. By John Courtney, 
Practical Boiler Maker. Edited by D. K. Clark, C.E. xoo Illustrations. 2S. 

216. MATERIALS AND CONSTRUCTION; A Theoretical and 

Practical Treatise on the Strains, Designing, and Erection of Works of Con- 
struction. By Francis Campin, C.E. js.t 

217. SEWING MACHINERY: Its Construction. History, &c., with 

full Technical Directions for Adjusting, &c. By J. W. Urquhart, C.E. as.t 

223. MECHANICAL ENGINEERING. Comprising Metallurgy. 

Moulding, Casting, Forging, Tools, Workshop Machinery, Manufacture of 
the Steam Engine, &c. By Francis Campin, C.E. 2s. ta.X 

224. COACH BUILDING, A Practical Treatise, Historical and 

Descriptive. By J. W. Burgess. 2s. 6d.t 

235. PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M.A., Precentor of Ely Cathedral. Illustrated. 2S. 6d.t \_Jtist published. 

236. DETAILS OF MACHINERY. Comprising Instructions for 

the Execution of various Works in Iron in the Fitting-Shop, Foundry, and 

Boiler- Yard. Arranged expressly for the use of Draughtsmen, Students, 

and Foremen Engineers. By Francis Campin.'C.E. 3s.* {Just published. 

THE SMITHY AND FORGE; including the Farrier's Art and 

Coach Smithing. By W. J. E. Crane. Illustrated. {In the press. 

The X indicates that these vo ls , may b e had strongly b ound at 6d . extra. 
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SiiU'nUILDlNG, NAVIGATION, MARINE 

KNGINEERING, ETC. 




. k a 



flu* Rov.tl Xurwo'^iun X.n'A'. With an Appendix, is. ud. 
■ i:XO'RA I'lXGS Lo lUiistrate the above. Twelve 
»'"■■■* <. Kov.il .:rn, rl«jth. 7s. ^d. 

;. ^ . .- ISJ-J/AA'/XG, AND RIGGING OF SHIPS, 

."» "■ ' • -v .fisi^ on. Alji) T."!iies ot Spars. Rig^in^-, Blocks ; Chain. 

'"^ ■ ■•■•I Kr.pt^s. Xc:'.. r -l.i'ivi' to ovcry class of vessels. With an 

'»ii,ii..;i'>n-; >)t' M.i.-.t , .iiul V;ir(!s uf the Koval Navy. By Robert 
'\ V I'oiirt.'j'nth Kilii:-.''.. Illnstniti'd. 2S.i 

s r-liUJLDING. With f'lactical Examples and Details 
- ' ' ■ ' ..i .Siiip Owner.? and .S/iip Builders. By John Grantham, Con- 

♦■ •■..-■iH'iT and N.ival Architf-rt. ^th Edition^ with Additions. 4s. 

- • ' 'AS OF FORTY PLATES to Ilhistrate the above. 
'• V nn. Tnclndin? the latest Examples, such as H.AI. Steam FrigatJi 
*•; ...■." •' Horculfs,' " Bollerophon ; " H.M. Troop Ship "Serapis,'" 

■• -I'ir.'X Dfirk. he... &c. 4to, hoards. 38s. 

.". .SAILOR'S SEA BOOK: a Rudimentary Treatise on 

,. ,-iiin. I'nrt J. How to Keep the Log and Work it ofic. Part II. On 

. ■ .,: tin; T,;Miiudo and Lon:;itude. By J.uies Green'\vogd, B.A. To 

^ .ji<^ ailili'.I, th'! Dovi.ition and Error of the Compass; Great Circle 

.^; tlit-^ luri'rmtion.il ((.ommorcial) Code of Sifrnajs.. ^e Rule of the 

^. .. • .It .Sea; \<- f kit .inil Mortar Apparatus for Savinsj Life; the Law of 

<. -is; nn«l a iSrirf l)irtionary of bra Terms. With numerous Woodcuts 

• \ iilourrd IM.i:-"^ of 1'la.r :. Xow. thoroughly revised and much cnlarjjcd 

.111. Ty W. II. ko-. KK. an. 6d.J 

.• . <t.\E EXGIXJiS, AND STEAM VESSELS, a Treatise 

* . I o}.^itIni- with I'.-.ictirai Remarks on the Screw and Propellinj? Power, 

« ii<cil in tl.i^ Royal .mil IMiTrh.nnt Xa\-y. \W Robert ^Il'rray. C.E., 

'•• ...Mmi-r-Survi-yor to t'-.r^ i:!,.-ird o!" Trade. With a GMTJ«;.ir^- of Technical 

• 'twi, .in-', rh.ir r.ij;!:v.i](.:it«? in Frrnch, Gorm.in, and Spanish. Seventh 

» i.'M.n. r-'v-M'd an:j i-nLinr-'d. TlIusTatrd. "is.i 

:•/.; K)KMS OF Sir IPS AND BOATS: Hints, Experiment- 

."v I)iMivi'«], on Till. ft nt" tie Prinj.inli'S repulatinsr Ship-buildinpr. By W. 
•!i wn.Si'V'-ntli Kdition.rrvi.-^d,\v-.tiinnmcrou3 lili:s-ra*i>'Ps and Models. is.6d. 
> WIGATION AND XAUTICAL A S TROXO MY, in Theory 
..i.l l'r..r,firf. Hy I'rft'i'.^^or f. II. YofNT,. N-^w Edition. incliidin:j the 
.(-.piisi'." [■■.! ; i r.;.-: ii-'ini thi' X.iu'.iiial Al:n;;n.i'j tvr worlti'ii; the PrcMoms. 
iruutiMlc.l. :'3. Od. L/.v.t/ /,•/.■■• Am- ,:>■..'. 

, • [HIES iiilcnded to facilitate the Operations ot Navirjation and 
N.nitii..il A.tror.f.my, as an Accompaniment to the above Book. By J. R. 

\ III NT;. 1. . 'M. 




I-liVi-.ith Kdiiion, ciilariffd, viith an Appendix. By RocnRT Kippi.ng. X.A., 
»;.iilinakfr. Qiiay^id'*. Xi'wcastlc. Tllustrari'd. 2s. ^'mI.J 

niH ENOlXl.JUrS GUIDE TO THE ROYAL AND 
*^ MKUCAXriLK XAVIKS. P,y a pRAcricAL Engixekr. Revised by D. 




Coloured I'lati's. 7s. Strongl y \\aU-V>owT\A m \t£ax\v<iT . 

-*iiXf T*^/ "/J^rs-iVoiTTm^ be had strongly bound ai <ad. eaetra. 
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PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

I. CHEMISTRY^ for the Use of Beginners. By Professor George 

FowNBs, F.R.S. With an Appendix on the Application of Chemistiy to 

Agricolture. is. 
a. NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C. Tomunson, Lecturer on Natural Science in 

King's College School, London. Woodcuts, is. 6d. 
4. MINERALOGY, Rudiments of; a concise View of the Properties 

of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates. 3s.t 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

position of the Greneral Principles of Mechanical Science, and their Applica- 
tions. By Charles Tomlinson. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.K.S., &c. With Additions bjr R. Sabi.se, C.E., F.S.A. is. 6d. 
7*. GAL VANISMf Rudimentary Treatise on, and the General Prin- 
ciples ot Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, with considerable Additions by Robert Sabine, C.E., F.S.A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Ma^etical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
NoAD, Ph.D., Vice-President of the Chemical Society, Author of "A 
Manual of Electricity." &c., &c. With 165 Woodcuts. 3s. 6d.t 
II. THE ELECTRIC TELEGRAPH; its History and Progress; 
with Descriptions of some of the Apparatus. By R. Sabinb, C.E., F.S.A. 38. 

la. PNEUMATICS, for the tfse of Beginners. By Charles 

Tomlinson. Illustrated, zs. 6d. 

72. MANUAL OF THE MOLLUSCA ; a Tteatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. (», 6d. Cloth boards, 7s. 6d. . , ^ . . . 

'jQ**. PHOTOGRAPHY, Popular Treatise on; with a Descnption of 
the Stereoscope, &c. Translated from the French of D. Van Monckhovbn, 
by W. H. Thornthwaite, Ph.D. Woodcuts, is. 6d. * t- -r* o 

06. ASTRONOMY, By the late Rev. Robert Main, M.A., F.R.S., 

formerly Radcliffe Observer at Oxford. Third Edition, reused and cor- 
rected to the Present Time. By Willlvm Thynnb Lynn, B. A., F.R.A^., 
formerly of the Royal Obseivatory, Greenwich. 2S. \Just published. 

QT, STATICS AND DYNAMICS, the Principles and Practice of; 
embracing also a clear development of H5'drostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. is. 6d. 
128. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Teleeraph Clerks' Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 



by W. MCUrREGOR, r irsi ASSiStaui. ouput., xuuiau v^v.. -.^..-e."-*'— • .'f~'-^ 

171 PHYSICAL GEOLOGY, parUv based on Major-General PoRT- 

LOCK'S " Rudiments of Geolo^." ByRALPHTATB,A.L.S..8cc. Woodcuts. ^. 

I7d HISTORICAL GEOLOGY, partiy based on Major-General 

**' PoRTLOCK's " Rudiments." By Ralph Ta^te, A.L^.. &c. Woodcuts. 28. 6d. 




'& "formTrlV^rof^sorVf Natural Philosophy and Astronorav i^, Uni^rsjjy 
? College, Lend. With 520 Illustrations. In One Vol. 7s. 6d., cloth bonrd»i. 
' *'4- •^» Sold also in Two Parts, as folUnas .— 

183. Animal Phvsiob. By Dr. Lardner. faf* J-* 9\?P*f " Vm V^TT » 
ig. Ani mal Physics. By Dr. Lardner. Part II., Chaptera VHI^XV IH^js^ 

7, STATIONERS' HALL CO\3RT, lAJDCKT^ ^\\A., ^.^' 
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MINING, METALLURGY, ETC. 

117. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fbivwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated, as. 6d.t 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. Lamborn, Ph.I). Wooacuts. 2s. 6d.t 

134. METALLURGY OF SILVER AND LEAD. By Dr. R. H. 

Lamborn. Woodcuts. 2s. 6d.t 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 

ANDBR Watt, F.R.S.SJ^. 7th Edition, revised, with impprtant additions, 
including the Electro-Deposition of Nickel, &c. Woodcuts. i%.X 
172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans, as. 6d.t 
I72* MINING TOOLS, ATLAS of Engravings to Illustrate the above, 
containing^ 23s Illustrations, drawn to Scale. 4to. 4s. 6d. ; cloth boards, 6s. 
176. METALLURGY OF IRON. Containing History of Iron Manu- 
facture. Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman, F.G.S. 5th Edition, 
revised and enlarged. 5s4 • [_yusi published. 

180. COAL AND COAL MINING, A Rudimentary Treatise on. 

By Warington W. Smyth, M.A., F.R.S. Fifth Edition, revised and 
enlarged. With numerous Illustrations. 3s. 6d.t 
195. THE MINERAL SURVEYOR AND VALUER* S COM- 
PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuing Mineral 
Properties. By William Lintbrn. Mining and Civil Engineer. 3s. 6d4 

214. SLATE AND SLATE ^£M/ei?IVi\r6^, Scientific. Practical, and 

Commercial. By D. C. Davies, F.G.S., Mining Engineer, &c. With 
numerous Illustrations and Folding Plates, is.t 

215. THE GOLDSMITHS HANDBOOK, containing full Instnic 
tions for the Allo3ring and Working of Gold. By Gborgb E. Gee, Goldsmith 
and Silversmith. Second Edition, considerably enlarged. 35.^ 

225. THE SILVERSMITIPS HANDBOOK, containing fuU In- 
structions for the Alloving and Workinier of Silver. By George Ei Gee. \%.X 

220. MAGNETIC SURVEYING, AND ANGULAR SURVEY- 
ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from^ the Results of carefully made Experiments. By Wiluam Lintern, 
Mining and Civil Engineer and Surveyor, as. 

FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS, Adapted to Young 
Students and Amateurs in Architecture. Painting. &c. BvGrorgr Pvnb. 2s. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
Sc\l* GLASS. From the German of Dr. Gesshrt and Kmanuel Otto From- 
BBRG. With an Appendix on The Art of Enamelling. 2s. 6d. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 
numerous Examples. By Charles Child Spencer, as. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charles Child Spencer. 5s.6d. 
69.71. MUSIC AND THE PIANOFORTE, In one volume. Half 
bound, 5s. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 

Oil, Mosaic, Water Colour, Water-Glass, Teinpera, Encaustic, Aliniature, 
Painting on Ivory, Vellum. Pottery, Enamel, Glass. &c. With Historical 
Sketches of the Progress of the Art by Thomas John Guluck, assisted by 
John Times, F.S.A. Feurth Edition, revised andenlarged. $%.% 
186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition, enlannd and 
adapted to the Use of the Ornamental Painter and Designer. By Elus A. 
Davidson. With two new Coloured Diagrams, &c. 3s.t 

T/lia t ifidieafes that these vols, may be had itrongly bound ai GoC. cjc^ra. 



LONDON: CROSBY I.OCKWOOD a:»I> C»,^ 



weale's rudimentary series. 



AGRICULTURE, GARDENING, ETC. 

66. CLAY LANDS ^ LOAMY SOILS, By Prof. Donaldson, is. 
131. MILLER'S, MERCHANTS, AND FARMER'S READY 
RECKONER. With approximate values of Millstones, Millwork, &c. xs. 

14a SOILS, MANURES, AND CROPS, (Vol. i. Outlines of 
Modern Farming.) By R. Scott Burn. Woodcuts. 2S. 

141. FARMING 6* FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outunks of Modern Farming.) By R. Scott Burn. .is. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
OF Modern Farming.) Woodcuts. 2s, 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. ^. Outlines of Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. oid. 
•#**Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled "Outlines of 
Modern Farming." By Robert Scott Burn. Price 12s. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Breuil. Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d.t 

i<fi, SHEEP: THE HISTOR Y, STRUCTURE, ECONOMY. AND 
DISEASES OF. By W. C, Spooner, M.R.V.C, Zee. Fourth Edition, 
enlarged, including Specimens of New and Improved Breeds. 3s. td.% 

201. KITCHEN GARDENING MADE EASY, Showing how to 
prepare and lay out the ground, the best means of cultivating every known 
Vegetable and Herb, &c. By George M. F. Glenny. is. 6d.J 

207. OUTLINES OF FARM MANAGEMENT, and the OrganU 

zaiion of Farm Labour: Treating of the General Work of the Farm ; Field 
and Live Stock ; Details of Contract Work ; Si>ecialities of Labour, &c., &c. 
By Robert Scott Burn. 2s. 6d.? 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands, Methods of Farming, Farm Buildings, 
Irrigation, Drainage, 8cc. By R. ScoiT Burn. 2s. 6d.t 
%• Nos. ixyi 6f 208 in One Vol., handsomely half -bound, entitled " Outlines of 
Landed Estates and Farm Management. By R. Scott Burn. Price 6s, 

209. THE TREE PLANTER AND PLANT PROPAGATOR, 

A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, &c. By Samuel Wood. 2s.* 

210. THE TREE PRUNER. A Practical Manual on the Pruning of 

Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. 2s.$ 
%• Nos. 209 &» 210 tn One Vol., handsomely half -bound, entitled " The Tree 
Planter, Propagator and Pruner.'* By Samuel Wood. Price $s. 

218. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, &c., 
forming a complete Calculator and Ready- R» ckoncr, especially adapted to 
persons connected with Agriculture. Fourth Edition. By John Steele. 2S. 

222. SUBURBAN FARMING. The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry, 
and Pigs. Hy Prof. Fohn Donaldson and R. Scott Burn. 3s. 6d.t 

231. THE ART OF GRAFTING AND BUDDING, By Charles 

Baltet. With Illustrations. 2s. 6d.t {Just Published. 

232. COTTAGE GARDENING; or, FJowers, Fruits, and Vegetables 

for SmallGardens. By E. Hobday, is. 6d. [Just published. 

233. GARDEN RECEIPTS. Edited by Charles W. QuiN. is.6d. 



{Just published. 
)EN. ~ ' 



234. THE KITCHEN AND MARKET GARDEN. By Con- 
tributors to *' The Garden." Compiled by C. W. Shaw, Editor of " Garden- 
ing Illustrated." 430 pp. 3S.J [Just published. 

LAND DRAINAGE, in Theory and Practice. By Professor 

Scott. Illustrated. ^n ike -^rcss. 



ZAg t indicates that these vols, may be had strongly bound a t t^d. extra. 

7, stationers' hall COURT, LTJDOKT^ WV\A.> ^»C. 



lO WEALE'S RUDIMENTARY SERIES. 

ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 

their Construction and the Methods of Testing, Adjusting', and Usine diem 

arc concisely Explained. By J. F. Heather, M.A., of the Royal ifilitaiy 

Academy, Woolwich. Original Edition, in i vol.. Illustrated, is. 6d. 

•«• In ordering the abovey be careful to say, ** Original Edition ** (No. 32), to distin* 

guish it from the Enlarged Edition in 3 vols. {Nos. X68-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 

with all the Modem Improvements. Arranged for the Use of jSchools and 
Private Students ; also for Practical Land Surveyors and Engineers. By 
T. Baker, C.E. New Edition, revised by Edward NuGBDrr, C.E. Illus- 
trated with Plates and Diagrams. 2S.t 

tl*. READY RECKONER FOR THE ADMEASUREMENT OP 
LAND. By Abraham Arman, Schoolmaster, lliurleigh, Beds. To which 
is added a Table, showing the Price of Work, from 2s. 6d. tO;£|'x i>er acre, and 
Tables for the Valuation of Land, trom xs. to ;^i,oooper acre, and from one 
pole to two thousand acres in extent, &c., &c. xs. 6d. 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French cl 
G. MoNGE. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application ot Descriptive Greometry to various branches of tlio Arts. By 
J. F. Heather, M.A. Illustrated with X4 Plates. 2S. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Co&> 
struction of the Ground. By J. F. Heather, M.A. Ayith 2x5 Woodcuts, a. 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

giving the various Modes of Delineating Solid Forms by Constructions on a 
Single Plane Surface. By J. F. Heather, M.A. [/« preparation* 

*,* The above three volumes will form a Complete Elementary Course of 

Mathematical Drawing. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By Jambs Haddok, 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self-Instruction. By J. R. Young, late I^fcssor 
of Mathematics in Belfast College. New Edition, with Index, xs. 6d. 

84*. A Key to the above, containing Solutions in full to the Exercises, torethet 
with Comments, Explanations, and Improved Processes, for the Use di 
Teachers and Unassisted Learners. By. J. R, Young, is. 6d. 

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest, 

gc*. Annuities, Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may be greatly facilitated. By W. Hifslby. 2S. 

86. ALGEBRA, tlie Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With Appendix, 
containing miscellaneous Investigations, 'and a Collection of Problems in 
various parts of Algebra, as. 
86*. A Key and Companion to the above Book, forming an extensive repositoiyoi 
Solved Examples and Problems in Illustration of the various -Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc 
tion. ByJ. R.Young, xs. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 

8q and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henry. Law, C.E. 2s. 6d.t 

*** Sold also separately', viz. : — ' 

88. Euclid, The First Three Books. By Henry Law, C.E. is. 6d. 

89. Euclid, Books 4, 5, 6, 11, 12. By Henry Law, C.E. xs. 6d. 



iT 



KlT" -l^^'^ i indicates that these vols, may be had strongly bound at 6d. extra. 
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WEALE'S rudimentary series. II 

Arithmetic, Geometry, Mathematics, etc., continued. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By James Hann, late Mathematical Master of 
King's College School, London. A New Edition, re-written and enlarged 
by J. R. Young, formerly Professor of Mathematics at liclfast College. 2s. « 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETRY, the Elements of. By James 

Hann. Revised by Charles H. Dowling, C.E. is. 
•»• Or with " The Elements 0/ Plane Trigonometry" in One Volume^ 2s. 6d. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Bakkr, C.E. New Edition, with Corrections 
and Additions by E. Nugent, C.E. Illustrated is. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

HoMERSHAM Cox, B.A. Illustrated, is. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of Kini^s College, London. Illustrated, is. 
1 01. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOusE, F.R.A.S., &c. IS. 6d. 
105. MNEMONICAL LESSONS. — Geometry, Algebra, and 

.Trigonometry, in Easy ^Inemonical Lessons. By the Rev. Thomas 
PenVngton Kirkman, M.A. is. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 
Instruction. By James IIaddon, M.A. Revised b/ Abraham Arman. 
IS. 6d. 

X37. A Kby to Haddgn's Rudimentary Arithmetic. By A. Arman. is. 6d. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing — I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate ^Measurement, and for 
Arithmetical Computations. By J . F. Heather, M. A., late of the Royal 
Military Academy, Woolwich, Author of " Descriptive Geometry," &c., &c. 
Illustrated, is. 6a. 

169. OPTICAL INSTRUMENTS. Including (more especiaUy) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. £y J. F. Heather, M.A. Illustrated, is. 6d. 
*^* The above three volumes form an enlargement of the Author's original work. 
* ' Mathematical Instruments: their Construction , A djustm^n /, Testing, and Use, ' 
the Thirteenth Edition of which is on sale, price is. 6d. {See No, 32 in the Series.) 

xe».-^ MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. f M.A. Enlarged Edition, for the most part entirely re- written. The 3 Parts as 
170.^ above, ijj One thick Volume. With numerous Illustrations. 4s. 6d.t 

158. THE SLIDE RULE, AND HOJV TO USE IT; containinfr 
» full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoare, C.E. With a 
Slide Rule in tuck of cover. 2s. 6d.t 

185. THE COMPLETE MEASURER; setting forth the Measure- 
ment of Boards, Glass, &c., &c. ; Unequal-sided, Square-sided, OctagoAal- 
sidcd. Round Timber and Stone, and Standing Timber. With a Table 
showing the solidity of hewn or eight-sided timber, or of any octagonal- 
sided column. Compiled for Timber-growers. Merchants, and Surveyors, 
Stonemasons, Architects, and others. By Richard Horton. Fourth 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 

196. THEORY OF COMPOUND INTEREST AND ANNUL 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c. By FiSdor Thoman. 4s.t 

The % indicates that these vols, may be had sffvngly bound at dd. extra, 
7, stationers' hall COURT, U13DGKI^ ^\\A.., "^^^^ 
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Arithmetic, Geometry, Mathematics, etc., continued, 

199. INTUITIVE CALCULATIONS; or, Easy and Compendious 
Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions ; together with Full Explanations of 
Decimals and Duodecimals, several Usefol Tables, &c. By Daniel 
O'GoRMAN. Twenty-fifth Edition, corrected and enla!^:ed by J. K. Young, 
formerly Professor of Mathematics in Belfast College. 354 

204. MATHEMATICAL Tl^-eZ^^S", for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on LogaritiiiiH. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By J. R. Young, formerly Professor of Mathe* 
matics in Belfast College. New Edition. 3s. 6d.t 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and 'Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., F.S.S. Sixth Edition, 
carefully revised and enlarged. 2s. t 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC^ 
TIVE ARTS. Illustrating the various processes of Mathematical Investi* 

fation, by means of Arithmetical and Simple Algebraical Equations and 
'ractical Examples; also the Methods 01 Analysing Principles and De« 
ducing Rules and Formulae, applicable to the Requirements of Practice. 
By Fkancis CAMPtN, C.E., Author of "Materials and Construction,** ftc 
Second Kdition, revised and enlarged by the Author. ^%,X [^$tsi ^blishti. 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHM- 
OLOGY, the FINE ARTS, &-«:. By John Wbalb. Fifth Edition. Revised 
by Robert Hunt, F.R.S., Keeper of Mining Records. Numerous lUos* 
trattons. 5s. cloth limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, enlarged. 334 
112. MANUAL OF DOMESTIC MEDICINE. By R. GooDWO, 

B.A., M.D. Intended as a Family Guide in all Cases of Accident and 
Emergency. Third Edition. 2s.i 

II 2*. MANAGEMENT OF HEALTH A Manual of Home and 

Personal Hygiene. By the Rev. James Baird, B.A. is. 
150. LOGIC, Pure and Applied. Bv S. H. EiiMENS. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmxns. ts. 

154. GENERAL HINTS TO EMIGRANTS, Contaiimig Notices 

of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, &c., &c. With Directions and Recipes nsefol to tiie 
Emigrant. With a Map of the World. »s. 
157. THE EMIGRANTS GUIDE TO NATAL. By RoBKRT 
James Mann, F.R.A.S., F.M.S. Second Edition, carefoUy corrected to 
the present Date. Map. 2s. • 

193. HANDBOOK OF FIELD FORTIFICATION, intended for the 

Guidance of Officers Preparing for Promotion, and especially adapted to the 
rrquirrmeats of Beginners. By Major W. W. KNOLLYS, F Jl.G.S., 93rd 
Sutherland Hifrblanders, 8tc. With 163 Woodcuts. 3s.t 

194. THE HOUSE MANAGER: Being a Guide to Housekeeping. 

IVactical Cookery, Pickling and Preserving. HoosehcM Work, Dairy 

Management, the Table and Dessert, Cellarage of Wines, Home^brewing 

and Wine<mrktn^« the Boudoir and Dressing-room, TravdUiig^ Stable 

Kronorov. liardcnmg Operations, ftc. By An Old Housekbeps&. 3s. 6d.t 

104. HOUSJi J^'OOK (The). Comprising :— I. The House Manageil 

II > Bv an Om lUnmvKvsPBR. II. Dombstxc MsDicnrc. By Ralph Gooding, 

^7' M.n. 111. Manaokmvnt of Hkalth. By James Baird. In One Vol.. 

^^ struuely hAU«b*»und. c^ 

1 1 2*.^_ 
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WEALS'S EDUCATIONAL AND CLASSICAL SERIES. 1 3 

EDUCATION AL AND CLASS ICAL SEBIES. 

HISTORY. 

I. Bngland, Outlines of the History of; more especially with 

reference to the Origin and Progress of the English Constitution. By 
William Douglas Hamilton, F.S.A., of Her A^jesty's Public Record 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of ; in connection with the 

Rise of the Arts and Civilization in Europe/ By W. Douglas Hamilton, 
of University College, London, and Edward Lbvien, M.A., of Ballio! 
College, Oxford. 2s. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Lbvien, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

fix>m the Creation oi the World to the Conclusion of the Franco-German War. 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand. xs. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

With an Introduction to the Study of Comparative Philology. By Hydb 
Clarke, D.C.L. Fourth Edition, xs. 6d. 
II*. Philology ; Handbook of the Comparative Philology of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and 
Portuguese Tongues. By Hyde Clarke, D.C.L. is. 

12, Dictionary of the English Language, as Spoken and 

Written. Containing above zoo,poo Words. By Hyde Clarke, D.C.L. 
3t. 6d. ; cloth boards, 4s. 6d. ; complete with the Grammar, cloth bds., <s.6d. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan. 
xyth Edition, xs. 6d. 

49. Derivative Spelling-Book ; Giving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Sjianith, 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. Rowbotham, F.R.A.S. Improved Edition, is. 6d. 

51. The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translatedfrom the French. 7th Edition, carefully corrected. 2S.6d. 

52. Mining and Quarrying, with the Sciences coimected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall and Devon, is. 

53. Places and Facts in Political and Physical Geography, 

for Candidates in Examinations. By the Rev. Edgar Rand, B.A. xs. 

54. Analytical Chemistry, Qualitative and Quantitative, a. Course 
. of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla- 
ture and Notation. By Wm. W. Pink and George E. Webster. 2s. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Requirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely; formerly H.M. Inspector 
of Schools. 

Introductory Primer, 3</. 

t. d. 
Fourth Standard • ..is 
Fifth „ ... 1 6 

Sixth „ ...16 

Lessons from THE Bible. Parti. Old Testament, xs. 
Lessons from the Bible. Part II. New Testament, to which is added 
The Geography of the Bible, for very young Children. By Rev. C. 
Thornton Forstbr. is. 2d. %* Or the Two Parts in One Volume, ss. 

7. stationers' hall COURT, LUDGATE KUA-^ ^•C* 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 

Genders of French Nouns. By G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Enjrineering, Alining, 8cc. By Alfred Elvves. 'is. 6d. 

26. English-French Dictionary. By Alfred Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in OneVol., 3s, : 

cloth boarJs, 3s. od. %* Or with the Grammar, rloth boards, 4s. 6d. 

47. French and English Phrase Book : containing Intro- 

ductory Lessons, with Translations, several Vocabularies of Words, a Col« 
lection of suitable Phrases, and Kasy Familiar Dialogues, is. 6d. 

GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heysc's Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Germany; with Notes, Philological ' and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By Nicholas Esterhazy 

S. A. Hamilton. In Three Parts. Part I. German -French-English. 
Part II. English -German-French. Part IH. French- Gcrman-EngKsli. 
3s., or cloth boards, <js. 

41-43 German Triglot Dictionary (as above), together with German 

& 39. Grammar (No. 39), in One Volume, cloth boards, 5s. 

ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwes. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By AlLFRBd Elwes. 
Vol.1. Italian-English-French. 2S. 6d. 

30. Italian Triglot Dictionary. By A. Elwes. Vol. 2. 

English-French-Italian. 2S. 6d. 

32. Italian Triglot Dictionary. By Alfred Elwes. VoL 3. 

French-Italian-English. 2S. 6d. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d. 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwbs. is. 6d. 

35. Spanish-English and English-Spanish Dictionary. 

Including a large number of Technical Terms used in Mining, Engineering, &c., 
with the proper Accents and the Gender of every Noun. By Alfred Elwis. 
4s. ; cloth boards, 5s. \* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Elwes. is. 6d. 

56. Portuguese- English and English- Portuguese Dic-^ 

tionary, with the Genders of each Noun. By Alfred Elxves. 

■ [7« ^Ae press. 

HEBREW. 

46*. Hebrew Grammar. By Dr. Bresslau. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbinical; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Bresslau. 6s. 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s. 
44,46. Hebrew Dictionary (as above), in Two Vols., complete, witb 
46*. the Grammar, cloth boards, 12s. 

LONDON : CROSBY LOCKWOOD KSIi CO*, 
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LATIN. 

19. Latin Grammar, Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, is. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2S. 
22. £nglish-Latin Dictionary ; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By tho 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d. ; 
cloth boards, 4s. 6d. %* Or with the Grammar, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young, xs. 6d; 

2. Caesaris Commentarii de Bello Gallico. Notes, and a Geographica 

Register for the Use of Schools, by H. Young. 2s. 

3. Cornelius Nepos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

kcs by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilii Maronis -^neis. With Notes, Critical and Explanatory, 

b^ H. Young. New Edition, revised and improved. "With copious Addi- 
tional Notes by Rev. T. H. L. Leaky, D.C.L., tormerly Scholar of Brascnose 
College, Oxford. 3s. 
Sj ^— — Part I. Books i.— vi., 18. 6d. 
S Part 2. Books vii.— -xii., 2s. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. 6d. 

7. Horace; Satires, Epistles, and Ars Poetica. Notes by W. Brown- 

RiGG Smith, M.A., F.R.G.S. is. 6d. 

8. Sallustii Crispi Catalina et Bellura Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. is. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davibs, M.A. 2s. 

11. Terentii Emiuchus, Comoedia. Notes, by Rev. J. Davifs, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
James Davibs, M.A. is. 

13. Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

"With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Lbary, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia, de Claris Oratoribus Dialogi. With Notes by W. Brownrigo Smith, 
M.A., F.R.G.S. 2s. 

16. Livy : History of Rome. Notes by H. Young and W. B. Smith, 

' M.A. Part i. Books i., ii., is. 6d. 
le*. Part 2. Books iii., iv., v., is. 6d. 

17. Part 3. Books xxi., xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, Tibullus, Propertius, 

and Ovid. Notes by W, B. Donnb, M.A., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Qnintilian, Florus, Vclleius Paterculus, Valerius Maximus Sueto- 
nius, Apuleius, &c. Notes by W. B. Donnb, M.A. 2s. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S, 

EscoTT, B J\.., Lecturer on Log^c at King's College, London. 2s. 

7, STATIONERS' HALL COURT, LUDGATE R1\A.> ^.Q.. 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own day. By Hans 
Claude Hamilton, is. 6d. 

15,17. Greek Lexicon. Containing all the Words in General Use, iwith 
their Significations, Inflections, and Doubtful Quantities. By Hkn&y R. 
Hamilton. Vol. x. Greek-English, 2s. 6d. ; Vol. 2. English-Grreek, at. Oi 
the Two Vols, in One, 4s. 6d. : cloth boards, 5s. 

14,15. Greek Lexicon (as above). Complete, with the Grammas, in 

17. One Vol., cloth boards, 6s. i 

GREEK CLASSICS. With Explanatory Notes in English. 
I. Greek Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, byH. Young. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by Johm 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 

2, 3. Xenophon's Anabasis ; or, The Retreat of the Ten Thousand. 

Notes and a Geographical Register, by H. Young. Part i. Books i. to iii., 
IS. Part 2. Books iv. to vii., xs. 

4. Lucian's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Young, xs. 6d. 

5-12. Homer, The Works of. According to the Text of Baeumlein. 

With Notes, Critical and Explanatory, drawn from the best and latest 

Authorities, with Preliminary Observations and Appendices, by T. H. L. 

Lbarv, M.A., D.C.L. 

Thb Iliad : Part i. Books i. to vi., is.6d. Part 3. Books xiii. to xviii., is. 6d. 

Part 2. Books vii. to xii., is. 6d. Part 4. Books xix. to xxiv., is. 6d. 

Ths Odyssby. Part I. Books i. to vi., is. 6d Part 3. Books xiii. to zviii., is. 6d. 

Part 2. Books vii. to xii., IS. 6d. Part 4. Books xix. to xxiv.. and 

Hymns, 2s. 
13. Plato's Dialogues : The Apology of Socrates, the Ciito, and 
the Phaedo. From the Text of C. F. Hermann. Edited with Notes. Critical 
and Explanatory, by the Rev. Jambs Davies, M.A. 2s. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisfokd. 
With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Lbary, M.A., D.C.L. 

Part I. Books i., ii. (The Clio and Euterpe), 2S. 

Part 2. Books iii., iv. (The Thalia and Melpomene), m. 

Part 3. Books v. -vii. (The Terpsichore, Erato, and Polymnia), st. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, it. 6d. 

18. Sophocles : GEdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles: Antigone. From the Text of Dindorf. Notes, 

Critical and Explanatory, by the Rev. John Milnbr, B.A. 2s. 
23. Euripides : Hecuba and Medea. Chiefly from the Text of Dm- 

DORF. With Notes, Critical and Explanatory, by W. Brownrigg Suth, 

M.A., F.R.G.S. IS. 6d. 
26. Euripides: Alcestis. Chiefly from the Text of Dindorf. W'itn 

Notes, Critical and Explanatory, by John Milner, B.A. is. 6d. 
30. -^schylus : Prometheus Vinctus : The Prometheus Bound. From 

the Text of Dindorf. Edited, with English Notes, Critical and £xpIanatoi7f 

by the Rev. Jambs Davies, M.A. is. 
32. -^schylus : Septem Contra Thebes : The Seven against Thebei 

From the Text of Dindorf. Edited, with English Notes, Critical and t:*^ 

planatory, by the Rev. James Davies, M.A. is. 

40. Aristophanes : Acharnians. Chiefly from the Text of C. li 

Weise. With Notes, by C. S. T. Townshbnd, M.A. is. 6d. 

41. Thucydides : History of the Peloponnesian War. Notes by H. 

Young. Book i. is. 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 
duction by Ll. F. W. Jewitt. is. 6d. , , ™ .,. . 

43. Z)emosthenes. The Oratiou on the Crown and the Philippics. 
With English Notes. y*>y l^^ev. T . li. "L.l.KMOi.'D .C .\-.A««a«d'? Scholar of 
Brasenose College, Oxford, is. 6d. 
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ENGINEERING, SURVEYING, ETC. 



Humbef^s Work on Water-Supply. 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, A.-M. Inst 
C.E., and M. Inst M.E. Illustrated ^ith 50 Double Plates, 
I Single Plate, Coloured Frontispiece, and upwards of 250 Wood- 
cuts, and containing 400 pages of Text. Imp. 4to, 6/. 6j. elegantly 
and substantially half-bound in morocco. 

List of Contents : — 



I. Historical Sketch of some of the 
means that have been adopted for the 
Supply of Water to Cities and Towns. — 
II. Water and the Foreign Matter usually 
associated with it. — IH. Rainfall and 
£vap<»ration. — IV. Springs and the water* 
beuing formations of various districts. — 
V. Measurement and Estimation of the 
Flow of Water.— VI, On the Selection of 
the Source of Supply.— VII. Wells.— 
VIII. Reservoirs. — IX. The Purification 
of Water. — X. Pumps. — XL Pumping 

« 



Machinery.— XII. Conduits. — ^XIII. Dis- 
tribution of Water. — XIV. Meters, Ser- 
vice Pipes, and House Fittings.— XV. The 
Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. 
— ^XVII. Description of Plates.— Appen- 
dices, ^ving Tables of Rates of Supply, 
Velocities, &c. &c., together with Specifi- 
cations of sevo^ Works illustrated, among 
which will be found : — Aberdeen, Bideford, 
Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and other;. 

The most systematic and valuable work upon water supply hitherto i)roduced in 
English, or in any other language .... Mr. Humber's work is characterised almost 
throughout by an exhaustiveness much more distinctive of French and German than 
of English technical treatises."— ^i^Vi^^r. 

Humbei^s Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 

WROUGHT-IRON BRIDGE CONSTRUCTION, hicludmg 

Iron Foundations. In Three Parts — Theoretical, Practical, and 

Descriptive. By William Humber, A. -M. Inst C. E., and M. Inst 

M.E. Third Edition, with 115 Double Plates. In 2 vols. imp. 4to, 

6/. i6s. 6d, half-bound in morocco. 

" A book— and psurticularly a large and costly treatise Uice Mt. HutsAmx v-^H(%i£hk 
has reached its third edition may certamLy be saA^ \>Q \a:^^ ts»\a!^^ei&ft^'''>&& ^sw^ 
reputation. ^—Engineering. 
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Humberts Modem Engineering. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING. First Scries. Comprising Civil, Mechanical, Marine, Hy- 
draulic, Railway, Bridge, and other Engineering Works, &c. By 
William Humber, A.-M. Inst C.E., &c Imp. 4to, with 
36 Double Plates, drawn to a large scale, and Portrait of John 
Hawkshaw, C.E., F.R.S., &c, and descriptive Lietter-press, Sped" 
fications, &c, 3/. 3^. half morocco. 

List of the Plates and Diagrams. 



Victoria Station and Roof, L. B. & S. 
C. R. (8 plates); Southport Pier (2 plates); 
Victona Station and Roof, L. C. & D. and 
G. W. R. (6 plates) ; Roof of Cremome 
Music Hall ; Bridge over G. N. Railway ; 
Roof of Station, Dutch Rhenish Rail (2 



plates) ; Bridge over_ the Thames, VTcst 
London Extension Railway (^ plates) ; Ar> 
mour Plates ; Suspension Bridge, Thames 
(4 plates) : The AUen Eneine ; Suspension 
Bridge, Avon (3 plates}; Underground 
Railway (3 plates). 



" Handsomely lithographed and i)rinted. It will find favour ynAi many who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many important engineering •9roT\i&.**-^Engi$uer, 

HUMBER'S RECORD OF MODERN ENGINEERING. Second 
Series. Imp. 4to, with 36 Double Plates, Portrait of Robert Ste- 
phenson, C.E., &C., and descriptive Letterpress, Specifications, 

&c. 3/. 3r. half morocco. 

List of the Plates and Diagrams. 



Viaduct, Merthyr, Tredegar, and Aberga- 
venny Railway ; College Wood Viaduct, 
Cornwall Railway ; Dublin Winter Palace 
Roof (3 plates) ; Bridge over the Thames, 
L. C. and D. Railway (6 plates) ; Albert 
Harbour, Greenock (4 plates). 



Birkenhead Docks, Low Water Basin 
(15 plates) ; Charing Cross Station Roof, 
C. C. Railway (3 plates) ; Dieswell Via- 
duct, G. N. Railway ; Robbery Wood 
Viaduct, G. N. Railway ; Iron Permanent 
Way ; Clydach Viaduct, Merthyr, Tre- 
degar, and Abergavenny Railway ; Ebbw 

HUMBER'S RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Portrait of J. R. M 'Clean, 
Esq., late Pres. Inst. C.E., and descriptive Letterpress, Specifica- 
tions, &c. 3/. 3^. half morocco. 

List of the Plates and Diagrams. 



Main^ Drainage, Metropolis. — 
r^orth Side. — Map showing Interception 
of Sewers ; Middle Level Sewer (2 plates) ; 
Out&ll Sewer, Bridge over River Lea (3 
plates); Outfall Sewer, Bridge over Marsh 
Lane, North Woolwich Railway, and Bow 
and Barking Railway Junction ; Outfall 
Sewer, Bridge over Bow and Barking 
Railway (3 plates); Outfall Sewer, Bridge 
over East London Waterworks* Feeder 
(2 plates); Outfall Sewer, Reservoir (2 
plates); Outfall Sewer, Tumbling Bay 
and Outlet ; Outfall Sewer, Penstocks. 
South Side. — Outfall Sewer, Bermondsey 



Branch (2 plates) ; Outfall Sewer. Reser> 
voir and Outlet (4 plates) ; Outfall Sewer, 
Filth Hoist; Sections of Sewers (North 
slnd South Sides). 

Thames Embankment. — Sectioa of 
River Wall ; Steamboat Pier, Westminster 
(2 plates) ; Landing Stairs between Out' 
ring Cross and Waterloo Bridges ; Yoric 
Gate (2 plates) ; Overflow and Outlet at 
Savoy Street Sewer (3 plates) ; Steamboat 
Pier, Waterloo Bridge (3 plates); June* 
tion of Sewers, Plans and Sections ; Gullies, 
Plans and Sections ; Rolling Stock ; Gra- 
nite and Iron Forts. 



HUMBER'S RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp. 4to, with 36 Double Plates, Portrait of John Fowler, 
Esq., late Pres. Inst. C.E., and de^riptive Letterpress, Specifica- 
tions, &c. 3/. 3J'. half morocco. 

List of the Plates and Diagrams. 



Abbey Mills Pumping Station, Main 
Drainage, Metropolis (4 plates); Barrow 
Docks (5 plates) ; Manquis Viaduct, San- 
tiago and Valparaiso Railway (2 plates) ; 
Adam's Locomotive, St. Helen's Canal 
Railway (2 plates) ; Cannon Street Station 
Roof, Channg Cross Railway (3 plates) ; 



Hood Bridge over the River Moka (a \ waters (,3 p\aXt*V 
■>lAtes)\ Telegraphic Apparatus for Meso- \ 



potamia ; Viaduct over the River Wye, 
Midland Railway (3 plates) ; St. German's 
Viaduct, Cornwall Railway (a plates) ; 
Wrougbt-Iron Cylinder for Diving Bell ; 
Millwall Docks (6 plates) ; Milroy's Patent 
Excavator, Metropolitan District Railway 
(SpVatei); HaxWxcs, Poets, and Break- 
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Strains yFormuUe & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulaeand Corresponding Diagrams, 
with numerous Details for Practical Application, &c By Wiluam 
HuMBER, A.-M. Inst C.K, &C. Third Edition. With nearly 
100 Woodcuts and 3 Plates, Crown 8vo, ^s, 6d. cloth. 
"The system of employing diagrams as a substitute for complex computations 

is cme justly coining into great favour, and in that respect Mr. Humberts volume is 

fully up to the times."— '^ni^M^miNt^. 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 

M. Inst. C.E. Second Edition, with 5 Plates. Royal 8vo, 5^. doth. 

"The student cannot find a better book on this subject thanMr. Sheilds'." — Engineer, 

Barlow on the Strength of Materials ^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S. Edited by W. Humber, A-M. Inst C.E. 8vo, i&r. cloth. 
" The standard treatise upon this particular subject." — Engineer, 

Strength of Cast Iron^ &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By T. Tredgold, C.E. 5th Edition. 
To which are added, Experimental Researches on the Strength, &c., 
of Cast Iron, by E. Hodgkinson, F.R.S. 8vo, 12s. cloth. 

*^* HoDGKiNSON*s RESEARCHES, Separate, price 6s, 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulae, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
Civil Engineer, M.R.I.A. Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, 14J. cloth. 

" Undoubtedly an exceedingly useful and elaborate compilation." — Iron. 

" Alike valuable to students and engineers in practice."— ^i»<iw^ Journal, 

River Engineering. 

RIVER BARS : Notes on the Causes of their Formation, and on 
their Treatment by * Induced Tidal Scour,' with a Description ot 
the Successful Reduction by this Method of the Bar at Dublin. By 
I. J. Mann, Assistant Engineer to the Dublin Port and Docks 
Board. With Illustrations. Royal 8vo. 7j. 6^. cloth. 

Hydraulics, 

HYDRAULIC MANUAL. Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations 
and Field Operations. By Lowis D'A. Jackson. Fourth 
Edition. Rewritten and Enlarged. Large Crown 8vo., i6j. cloth. 

^3Fust j^iblisKtax 
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Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst C.E. Sixth Edition, very carefiilly revised, with 
the addition of Mr. Law's Practical Examples for Setting cut 
Railway Curves, and Mr. Trautwine's Field Practice of Laying 
out Circtdar Curves. With 7 Plates and numerous Woodcuts. Svo, 
&f. 6</. cloth. *»• Trautwine on Curves, separate, Sj. 

" The text-book on levelling in most of our engineering schools and colleges."— 
Engineer, 

Practical Tunnelling. 

PRACTICAL TUNNELLING : Explaining in detaU the Setting 
out of the Works, Sliaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub-Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By F. W. Simms, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. Kinnear Clark, M.I. C.E. Imp. 8yo, 
with 21 Folding Plates and numerous Wood Engravings, 30 j. cloth. 
" It has been regarded from the first as a text-book of the subject. . . . Mr. Qaric 
has added immensely to the value of the hook.*'-~£f^ineer. 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of Sewell's Treatise on Steam. By D. 
Kinnear Clark, M.I. C.E. Second Edition. i2mo, 4^. cloth. 

Civil and Hydraulic Engineering. 

CIVIL ENGINEERING. By Henry Law, M. Inst C.E. 
Including a Treatise on Hydraulic Engineering, by George R. 
Burnell, M.I.CE. Sixth Edition, Revised, with large additions 
on Recent Practice in Civil Engineering, by D. Kinnear Clark, 
M. Inst. C.E. i2mo, 7^. 6^^., cloth boards. 

Gas-Lighting. 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, 
Engineers, &c. By R. Wilson, C.E. 2nd Edition. Cr. 8vo, 2j. td. 

Bridge Construction in Masonry y Timber y & Iron^ 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION IN MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
with 6 pages of Diagrams. Imp. 4to, 2/. 12s. 6d^ haS-morocco. 
" A vork of the present nature by a man of Mr. HaskoU's experience, must prove 
invaluable. The tables of estimates considerably enhance its vahjit.**''^£ngineer*ng. 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet By Joseph Broadbent, C E., and Francis 
C^MPIN, C.E. Cr. 8vo, oblong, Sj. doth. 
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Tramways and their Working. 

TRAMWAYS : their CONSTRUCTION and WORKING. 
With Special Reference to the Tramways of the United Kingdom. 
By D. KiNNEAR Clark, M.I.C.E. Supplementary Volume; 
recording the Progress recently made in the Design and Construc- 
tion of Tramways, and in the Means of Locomotion by Mechanical 
Power. With Wood Engravings. 8vo, I2J. cloth. 

Tramways and their Working. 

TRAMWAYS: their CONSTRUCTION and WORKING. 
By D. KiNNEAR Clark, M. Inst. C. E. With Wood En- 
gravings, and thirteen folding Plates. The Complete Work, in 
2 vols., Large Crown 8vo, 30J. cloth. 
" All interested in tramways must refer to it, as all railway engineers have turned 
to the author's work 'Railway Machinery.*"— 714^ ^filgTw^r. 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, A.I.C.E. With Plates and 
Wood Engravings. Revised Edition. i2mo, 5^. cloth. 
" A workmanlike production, and one without possession of which no man should 
start to encounter tiie duties of a pioneer engineer.^' — Athenaum, 

Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. By T. M. 
Goodeve, M.A., Barrister-at-Law, Author of **The Principles 
of Mechanics,'* **The Elements of Mechanism," &c. Fourth 
Edition. With numerous Illustrations. Crown 8vo, 6j. cloth. 
" Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself."— ^M(>^ Journal. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Engineer. 4th Edition. Sewed, dd, 
" If steam-users would but learn this little book by heart, boiler explosions would 
become sensations by their rvri\:f^ —English Mechanic. 

Mechanical Engineering. 

DETAILS OF MACHINERY : Comprising Instructions for the 
Execution of various Works in Iron, in the Fitting-Shop, Foundry, 
and Boiler- Yard. Arranged expressly for the use of, Draughts- 
men, Students, and Foremen Engineers. By Francis Campin, 
C.E. i2mo. 3 J. dd, cloth. [Jtist published. 

Mechanical Engineering. 

MECHANICAL ENGINEERING: Comprising Metallurgy, 
]Moulding, Casting, Forging, Tools, Workshop Machinery, Manu- 
facture of the Steam Engine, &c. By F. Campin, C.E. y, cloth. 

Works of Construction. 

MATERIALS AND CONSTRUCTION : a Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of 
Works of Construction. By F. Campin, C.E. i2mo. 3^. 6d. cL brds. 

Iron Bridges, Girders, Roofs, &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By F. Campin, C.E.i2mo,y. 
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Boiler Construction. 

THE MECHANICAL ENGINEER'S OFFICE BOOK: 
Boiler Construction. By Nelson Foley, Cardiff, late Assistant 
Manager Palmer's Engine Works, Jarrow. With 29 full-page 
Lithographic Diagrams. Folio 2\s, half-bound. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. 3rd Ed. Imp. 8vo, 8/. doth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large Plates. By the late Geo. Watsom 
Buck, M. I. C. E. Third Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Dia* 
grams for Facilitating the Construction of Oblique Bridges, by 
W. H. Barlow, M. I. C. E. Royal 8vo, 1 2j. cloth. 

" The standard text book for all engineers regardbig skew arches."—- ^m^^mm^t. 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GAS. 
Originally written by S. Hughes, C.E. Sixth Edition. Re-written 
and enlarged, by W. Richards, C.E. i2mo, Sj. doth. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
¥rith a Description of the Principal Geological Formations of Eng- 
land as influencing Supplies of Water. By S. Hughes. \s, 6d. doth. 

Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Reynolds, M.S.E. Fifth Edition. Comprising A KEY TO THE 

LOCOMOTIVE ENGINE. With Illustrations. Cr.8vo,4r.6</.d. 

" Mr. Reynolds has supplied a want, and has supplied it welL" — Engineer. 

The Engineer y Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY. By M. Reynolds. Crown 8vo, 4J. W. 

Stationary Engine Driving, 

STATIONARY ENGINE DRIVING. A Practical Manual for 
Engineers in Charge of Stationary Engines. By Michael Rey- 
nolds. Second Edition, Revised and Enlarged. With Plates and 
Woodcuts. Crown 8vo, 4J. 6^ doth. \yu5t published. 

Engine- Driving Life. 

ENGINE-DRIVING LIFE ; or Stirring Adventures and Ind- 
dents in the Lives of Locomotive Engine-Drivers. By Michael 
Reynolds. Crown 8vo, 2j. doth. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES. A Practical Treatise on 
the several Systems in Use in the United Kingdom ; thdr Construe^ 
tion and Performance. With copious Illustrations and nomerous 
Tables. By Michael Reynolds. Large Crown 8vo, 9^. doth. 
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Construction of Iron Beams, Pillars^ &c. 

IRON AND HEAT ; exhibiting the Principles concerned in the 
construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By J. Armour, C.E. 3J. 

Ftre Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, i/. 41. cloth. 

" We can most heartily commend this book." — Engineeri$tg, 

** Mr. Young's book on ' Fire Engines and Fire Brigades ' contains a mass of 
information, which has been collected from a variety of sources. The subject is so 
intensely interesting and useful that it demands consideration."— ^mi^imj^ News. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems in Geodesy 
and Practical Astronomy. By Lieut. -Gen. Frome, R.E., late In- 
spector- (General of Fortifications. Fourth Edition, Enlarged, and 
partly Re- written. By Captain Charles Warren, R.E. With 
19 Plates and 115 Woodcuts, royal Svo, i6j. cloth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, 3^. 6d» 
" Each table is printed on a small card, whiclC being placed on the theodolite, leaves 
tiie hands free to manipulate the instrument." — Engineer. 

'* Very handv ; a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind." — 

Engineering Fieldwork. {Athenaum. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Leyelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In i Vol., demy Svo, i/. 5^., d. boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and Theoretical Essay. By J. H. Watson Buck, 
M. Inst. C.E., Resident Engineer, London and North- Western 
Railway. Illustrated with Folding Plates. Royal Svo, I2J. cloth. 
" Many of the methods raven are of extreme practical value to the mason, and the 
observations on the form of arch, the rules for ordering the stone, and the construc- 
tion of the templates, will be found of considerable use. We commend the book to 
the engineering profession, and to all who have to build similar shafts.'' — Building 
News, 

'* Will be regarded by civil en^neers as of the utmost value, and calculated to save 
much time and obviate many mistakes."— C^/ZtirO' Guardian* 
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J^*-" By C. W. Williams, A.I.C.E. Wilh e 
*2MW> *"* Recent Piactice in tbe Combuslion and Economy of 
JB^O»l> Coke, Wood, Peat, Petroleum, &c. ; by D. Kis- 
^lOABK, M. Inst. C.E. Second Edition, rerised. Wilh 
llioiis. lamo. 4/. cloth boards. 

LtkonU buy the tw^ jUHJ read il, a& one of the most complete and ntia- 
^on the CDDibusLioQ and economy of tud to be had." — EKgittrer, 
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Revised and Condensed. II. Recent 
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id Asphalle. By D. Kinnear 

idiL, revised. lamo, %i. cloth. 
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Sewing Machine {The). 

SEWING MACHINERY ; being a Practical Manual of the 
Sewing Machine, comprising its History and Details of its Con- 
struction, with full Technicsd Directions for the Adjusting of Sew- 
ing Machines. By J. W. Urquhart, Author of "Electro 
Plating : a Practical Manual ; " ** Electric Light : its Production 
and Use." With Numerous Illustrations. i2mo, 2J. 6d, cloth. 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Sjrstems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datimi, and Plotting Sections in die ordinary 
manner; Setting out Curves with the Theodolite by TangentisJ 
Angles and Mmtiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo. 12s, doth. 
" The book is very handy, and the author might have added that the separate tables 

of sines and tangents to every minute will make it useful for many other purposes, the 

genuine traverse tables existmg all the same."— ^/^i«»«MM. 
"Cannot fail, from its portability and utility, to be extensively patronised by the 

engineering profession."— itfrnin^ Journal, 

Earthwork^ Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 

C.E., Resident Engineer, Forest of Dean Central Railway. With 

numerous Diagrams. i8mo, 2j. (xi. cloth. 

" As a really handy book for reference, we know of no work equal to it ; and tfa« 

railway engineers and others employed in the measurement and calculation of earth> 

work will mad a great amount of {practical information very admirably arranged, and 

available for general or rough estimates, as well as for the more exact calciilations 

required in the engineers' contractor's offices. ''-~>lr/»air. 

Drawing for Engineers^ &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R. S. N, A., 
South Kensington. Fourth Edition, carefully revised. With upwards 
of 300 Plates and Diagrams. i2mo, cloth, strongly bound, 4;. 
** A copy of it should be kept for reference in evary drawing office.** — Engineering, 
" Indispensable for teachers of engineering drawing.*' — Mechanics* Magazine, 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used m ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, 

ARCHAEOLOGY, the FINE ARTS, &c By John Wealk. 

Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Mining 

Records, Editor of " Ure*s Dictionary of Arts." i2mo, 6j. cL bds. 

" The best small technoloi^cal dictionary in the language." — Architect, 

" The absolute accuracy of a work of this character can only be judged of after 

extensive consultation, and from our examination it appears very correct and very 

complete.**— i^miW^ y<mmal. 
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MINING, METALLURGY, ETC. 

¥— 

Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM : comprising a Description of the Coal Fields, and of 
the Principal Seams of Coal, with returns of their Produce and its 
Distribution, and Analyses of Special Varieties. Also, an Account 
of the occurrence of Iron -Ores in Veins or Seams ; Analyses of 
each Variety ; and a History of the Rise and Progress of Pig Iron 
Manufacture since the year 1740, exhibiting the economies intro- 
duced in the Blast Furnaces for its Production and Improvement. 
By Richard Meade, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United 
Kingdom. 8vo., £\ Sj. cloth. [Just published. 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D.C. Davies, F.G.S., author of " A Treatise on 
Slate and Slate Quarrying." With numerous wood engravings. 
Second Edition, revised. Cr. 8vo. I2j. dd, doth. 
" Without question, the most exhaustive and the most practically useful work we 

have seen ; the amount of information given is enormous, and it is given concisely 

and intelligibly." — Mining Joumah 

Slate and Slate Qtcarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Illustrations and Folding 
Plates. Second Edition, carefully revised. 1 2mo, 3^. 6d. doth boards. 
" Mr. Davies has written a useful and practical hand>book on an important industry, 
with all the conditions and details of which he appears ^9JsS&ax**'-Engineering, 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Mediods of 
Assay, and Analyses of Iron Ores, Processes of Manu^BtcUire of 
Iron and Sted, &c. By H. Bauerman, F.G.S. Fifth Edition, 
Revised and greatly Enlarged. With Numerous Illustrations, 
i2mo. 5 J. 6^., cloth boards. [Just published. 

Mantuil of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c By William Morgans. Volume of Text. 
l2mo, 3^. With an Atlas of Plates, containing 235 Illustrations. 
4to, dr. Together, 9J. cloth boards. 

Minings Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mming and Civil 
Engineer, With four Plates of Diagrams^ 'P\ax!kS> %lc ^\'3xm^^ V*^'^^^ 
*»* The above, bound with Thomas's Tk-blss. ^«t -^^ oa^ 
Pnce p. 6^. doth. 
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Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 

Wabington W. Smyth, M.A., F.R.S., &c., Chief Inspector 

of the Mines of the Crown. Fifth edition, revised and corrected. 

i2mo, with numerous Illustrations, 41. doth boards. 
"Every portion of the volume appears to have been prepared with much care, and 
as an ouUine is ghren of every known coal-field in this and other countries, as well as 
of the two principal metho<is of working, the book will doubdess interest a very 
laij^e number of readers." — Mining youmal. 

Underground Pumping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms of 
Pumping Machinery. By Stephen Michell, Joint- Author of "The 
Cornish SjTStem of Mine Drainage." 8vo, 1 5 j. cloth. 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 
Pocket Book for Naval Architects^ Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OF FORMULiE, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, M. Inst. 
N. A., Naval Draughtsman. Second Edition, revised. With 
numerous Diagrams. Fcap., I2J. 6^., strongly bound in leather. 
" Should be used by all who are engaged in the construction or design of vessels." 
—Engineer. 

'* There is scarcdy a subject on which a naval architect or shipbuilder can require 
to refresh his memory which will not be found within the covers of Mr. Mackrow's 
book." — English Mechanic. 

*' Mr. Mackrow has compressed an extraordinary amoimt of information into this 
usefid yohjaae,**^Afhemeum. 

Grantham's Iron Ship-Building. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged firom 24 to 40 
Plates (21 quite new), including the latest Examples. Together 
with separate Text, aJso considerably enlarged, l2mo, doth limp. 
By John Grantham, M. Inst. C.E., &c 2/. 2x. complete. 

" Mr. Grantham's work is of great interest. It will, we are confident, command an 
extensive circulation among shipbuilders in general. By order of the Board of Admi- 
ralty, the work vdll form the text-book on which the examination in iron ship-building 
of candidates for promotion in the dodcyards will be mainly based." — Engineering. 

Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULAE FOR MARINE ENGINEERS. By Frank Proctor, 
A. XN. A, Third Edition. Royal ^2mo> \eaJCcL«, ^\. ^^st&^ fc?* 
"A most tueful companion to all marine enginceta.*'— United Seroice ^*«*^^* ^ 
"Scarcely aaiytlung required by a naval eii%m««c vQC^cax^ Nft \mw^ xj^wa- ^»^' 
gotten, "— y>w». 
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Light-Houses. 

EUROPEAN LIGHT-HOUSE SYSTEMS; being a Report of 
a Tour of Inspection made in 1873. By Major George H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. 8vo, 2ij. cloth. 

Surveying {Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Riveis, 
Tov/Tis* Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis H askoll, C.E. 
With 14 folding Plates, and numerous Woodcuts. 8vo, I2J. (id, doth. 

"A most useful and well arranged book for the aid of a student" — Builder. 

" Oir the utmost practical utility, and may be safely recommended to all students 
who aspire to become clean and expert surveyors."— ^mMSf yourtuU. 

Storms. 

STORMS : their Nature, Classification, and Laws, ¥rith the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. Crown 8vo, lar. 6d, cloth boards. 

Rudimentary Navigation, 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B. A. New and enlarged edition. 
By W. H. RossER. i2mo, 3J. cloth boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C.E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By Professor 
J. R. Young. New Edition. i2mo, 4J. cloth boards. 

Navigation {Practical) y with Tables. 

PRACTICAL NAVIGATION : consistmg of the Sailor's Sea- 
Book, by James Greenwood and W. H. Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated. i2mo, 7^. strongly half-bound in leather. 

WEALE'S RUDIMENTARY SERIES. 

The follffwing books in Naval Architecture^ etc, are piMished in the 

above series, 
NAVIGATION and NAUTICAL ASTRONOMY IN THEORY 

AND PRACTICE. By Professor J. R. Young. New Edition. 

Including the Requisite Elements from the Nautical Almanac for 

Working the Problems. i2mo, 2J. dd. cloth. 
MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N. A. Fourteenth Edition. i2mo, 2s, 6d. cloth. 
SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By 

Robert Kipping, N.A. Illustrated. i2mo, 3J. cloth boards. 
NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 

with Plates and Diagrams. i2mo, 4r. cloth boards. 
MARINE ENGINES, AND STEAM VESSELS. By Robert 

Murray, C.E. Seventh Edition. i2mo, 3^. 6d, cloth boaitls. 
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ARCHITECTURE, BUILDING, ETC. 
Construciion. — • — 

THE SCIENCE of BUILDING i An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A., 
Architect. With 58 Wood Engravings. Second Edition, revised and 
enlai^ed, including an entirely new chapter on the Nature of 
Lightning, and the Means of Protecting Buildings from its Violence. 
Crown 8vo, *js, 6d, cloth. 

" A very valuable book, which we strongly recommend to all students."—- ^Mi7<i!rr. 

" No architectural student should be wif^ut this )xxaA-\iQo\i»*—Archiiict, 

Civil and Ecclesiastical Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Restoration. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.A.S. Author of "Clocks and 
Watches and Bells," &c i2mo, 5^. cloth boards. 
*' A book which is always amusing and nearly always instructive. We are able 
very cordially to recommend all persons to read it for themselves. "—Times. 

''We commend the book to the thoughtful consideration of all who are interested 
in the buildins; 9^**— Builder, 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of " The Spires and Towers of the Mediaeval Churches of Eng- 
land," &c. 30 Plates, 4to, half morocco, gilt edges, i/. u. 
*^* Also an Enlarged edition of the above. 61 Plates, with Detailed 
Specifications, Estimates, &c. 2/. 2s. half morocco. 

Useful Text' Book for Architects. 

THE ARCHITECT'S GUIDE : Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c. By F. Rogers. Cr. 8vo, dr. cloth. 
"As a text-book of useful information for architects, engineers, surveyors, &c., it 
would be hard to find a handier or more complete little volume." — Standard. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By G. WiGHTWiCK. 
New Edition. By G. H. Guillaume. i2mo, doth, 41. 
" Will be found an acquisition to pupils, and a copy ought to be considered al 
necessary a purchase as a box of instruments." — Architect. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By Georgb Pyne. With 14 Plates, 4to, Is. 6d. boards. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught-power 
and Stability, with a chapter on Lightning Conductors. By Roberi^ 
Wilson, C.E. Crown 8vo, 3J. 6^. cloth. 
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Taylor and Crests Rome, 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S.A., and Edwakd Cresy, Esq. 
New Edition, Edited by the Rev. Alexander Taylor, M. A. (sod 
of the late G. L. Taylor, Esq.) This is the only book which gives 
on a large scale, and with the precision of arclutectural measure- 
ment, the principal Monuments of Ancient Rome in plan, elevation, 
and detail. Lurge folio, with 130 Plates, half-bound, 3/. 3^. 
*«* Originally published in two volumes, folio, at 18/. i&r. 

Vitruviu^ Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A.» F.RAS. 
Numerous Plates. i2mo, cloth limp, 5/. 

Ancient Architecture. 

RUDIMENTARY ARCHITECTURE (ANCIENT); com- 
prising VITRUVIUS, translated by Joseph Gwilt, F.S.A., 
&c., with 23 fine plates ; and GRECIAN ARCHITECTURE. 
By the Earl of Aberdeen ; i2mo, 6j., half-bound. 
%♦ The only edition of VITRUVIUS procurabU at a moderaU price. 

Modern Architecture. 

RUDIMENTARY ARCHITECTURE (MODERN); com- 
prising THE ORDERS OF ARCHITECTURE. By W. H. 
Leeds, Esq. ; The STYLES of ARCHITECTURE of VARIOUS 
COUNTRIES. By T. Talbot Bury ; and The PRINCIPLES 
of DESIGN in ARCHITECTURE. By E. L. Garbktt. 
Numerous illustrations, i2mo, 6j. half-bound. 

Civil Architecture. 

A TREATISE on THE DECORATIVE PART of CIVIL 
ARCHITECTURE. By Sir William Chambers, F.RS. 
With Illustrations, Notes, and an Examination of Grecian Archi- 
tecture. By Joseph Gwilt, F. S. A. Revised and edited by W. 
H. Leeds. 66 Plates, 4to, 2\s. cloth. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual o£ With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson. Third Edition, Revised. I2m^ar. dotb. 

Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House-drainage, embodying the 
latest Improvements. By W. P. BucHAN, Sanitary Engineer. 
Fourth Edition, Revised and Enlarged, with above 330 illustrations. 
i2mo. 4f. cloth. ^ ^ yjfust published, 

joints used in Buildings Engineerings &c. 

THE JOINTS MADE AND USED BY BUILDERS in the 
construction of various kinds of Engineering and Architectural 
works, with especial reference to those wrought by artificers in 
erecting SLud. finishing Habitable StTuclwies. By W, J. Christy, 
Architect. With 160 lUustratlons. i2mo, v» ^- <3tf3!OcL\iww^ 
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mentL By £. WTjn>HAM Ta&x, M. A., Sitk loc di. dodu 

Beatatis Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, beii^ an easy method of csrimating the ^rariotts parts 
of a BvH^i^ coUectiTcly, more especially app&ed to Camenten* 
and Joiners' woik. By A. C. Beaton. Second Kdituvn* 
Waistcoat-pocket size. ix. 6c/. 

Beaton* sBuilder^ and Surveyors' Technical Guut^. 

THE POCKET TECHNICAL GUIDE AND MKASUKKU 
FOR BUILDERS AND SURVEYORS: conlaiulnu a CompWit 
Explanation of the Terms used in Building Cunittnicium. Memo- 
randa for Reference, Technical Directions for Measuring Work In 
all the Bmlding Trades, &c. By A. C. BftATON. U, Oi/. 

The House-Owner^ s Estimator. 

THE HOUSE-OWNER'S ESTIMATOU i or. What will It 
Cost to Build, Alter, or Rei)Air? A Price- Honk lor llinnn|pii< 
sional People, Architectural Surveyors, HiilliUTu, \i!. Ilv IJiv IxIh 
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Cement. 

PORTLAND CEMENT FOR USERS. By Henry Faija, 
AM. Inst. C.E., with Oostzatioos. Crown 8to. ^r. 6«/. doth. 
** A Bsefal oaiU jw rtwJTui n cf xesoiu fir dK builder acd aidutect." — Bmidimg News, 

Builder^ s and Contractors Price Book. 

LOCKWOOD k, CO.'S BUILDER'S AND CONTRACTOR'S , 
PRICE BOOK, cfBtammgdke latest iHkcs of aUldiids of Boildeis' ' 
Matrrials and Labonr, and of all Tiades mnnected with Building, 
ftc Revised b7F.T.W.MiLLKS,A.lLLB. A. Ha]f4xmnd| 4;. 



CARPENTRY, TIMBER, ETC. 

♦ 

TredgoUTs Carpentry^ new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY: 
a Treatise oo the P i e s& ui e and Eqmfibrinm of Timber Fnuooiiig, the 
Resistance of Tunber, and the Constmction of Flooo^ Arches, 
Bridges, Roo^ Unitii^ Iron and Stone with Timber, Ac. To which 
if acUed an Essaj on the Nature and Pr op erties of Timber, &c., 
with Descriptions of the Kinds of Wood used in BaSding ; also 
nnmeroiis Tables of the Scantlings of Timber for different purposes, 
the Specific Gmvities of Materials, &c By Thomas Tredgold, 
C.E. Edited by Pster Ba&low, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates, Portrait (^ the Anthor, and 
Woodcuts. 4to, published at 2/. 2x., reduced to i^ 5x. doth. 
" Ought to be in every architect's and every bmlder^s Iflxary, and those iHw 
do not already possess it ought to avail themselves of the new issue.— ^m£U^. 

"A work whose monumental ezceOence must c<munend it w h e i e v eg skilful car- 
I>entry is concerned. The Author's prindples are rather oonfinned than inqiaired by 
time. The additional plates are of great intrinsic value.**— .^twi&fey AWm. 

Grandy's Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
& BUILDER'S STANDARD GUIDK By R. £. Grandt. 

2nd Edition. Carefully revised and corrected. i2mo, 3/. 6<^ doth. 
" Everirthing it pretends to be : built up gradually, it leads <me from a forest to a 
treenail, and throws in, as a makeweight, ahost of material conceming brides, columns, 
cisterns, &c — all that the class to whom it appeals requires."— .£«sfaE4 Meckatae, 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and Others. By W. Richardson. Crown 8vo, dr. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. By W. Richardson. Oblong 4to, 3^. 6d. doth. 

" Invaluable labour-saving tables." — Ironmonger, 

Carriage Building, &c. 

COACH BUILDING: A Practical Treatise, Historical and 

Descriptive, containing full information of the various Trades and 

Processes involved, with Hints on the proper keeping of Carriages, 

57 Illustrations. By James W. Burgess. i2mo, y, doth. 
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HortofCs Measurer. 

THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c. ; Unequal-sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber. 
Also a Table showing the solidity of hewn or eight-sided timber, 
or of any octagonal-sided column. By Richard Horton. 
Fourth Edit. With Additions, i2mo, strongly bound in leather, 5^. 

Horton' s Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. Horton, i2mo, 2s, leather. 

Nicholson's Carpenter's Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revbed 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyns. With 74 Plates, 4to, i/. \s, doth. 

Dowsing s Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersbuigh Standard 
Hundred, &c., &c. Also a variety of other valuable information. 
By William Dowsing, Timber Merchant Third Edition, Re- 
vised. Crown 8vo, 3J. doth. 
"Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it" — Hull Adxfertiser, 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, behig a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timoer Trade, Essay on the Strength of Timber, Remarks on the 
Growth of Timber, &c By W. Richardson. Fcap. 8vo, 3^. 6d, cl. 

Woodworking Machinery. 

WOODWORKING MACHINERY ; its Rbe, Progress, and 
Construction. With Hints on the Management of Saw Mills and 
the Economical Conversion of Timber. Illustrated with Examples 
of Recent Designs by leading English, French, and American 
Engineers. ByM. PowisBale, M.I.M.E. Crown 8vo, \2s, 6d. cl. 
" Mr. Bale is evidently an expert on the subiect, and he has collected so much 
information that his book b all-sufficient for builden and others engaged in the con- 
version of timber." — Architect. 

"The most comprehensive compendium of wood-working machinery we have 
seen. The author is a thorough master of his subject."— j?»tMt>[^ News, 

Saw Mills. 

SAW MILLS. THEIR ARRANGEMENT AND MANAGE- 
MENT, AND THE ECONOMICAL CONVERSION OF 
TIMBER. By M. Powis Bale, M.I.M.E. With numerous 
Illustrations, Crown 8vo. [In the Press, 
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^ . MECHANICS, ETC. 

1 umifig. — • — 

LATHE- WORK : a Practical Treatise on the Tools, Appliances, 

and Processes employed in the Art of Turning. By Paul N. Has* 

LUCK. With Illustrations drawn by the Author. Crown 8vo, 5^. 

" Evidently written from personal experience, and gives a large amount of just 

that sort of information which beginners at the lathe require." — Builder. 

Mechanic's Workshop Companion. 

THE OPERATIVE MECHANICS WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By W. Templeton. 13th Edit., with 
Mechanical Tables for Operative Smiths, Millwrights, EngiBeers, 
&c. ; and an Extensive Table of Powers and Roots, l2mo, 5^. booncL 
" Admirably adapted to the wants of a very lar;^e class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a great nuuy 
men who, in a great measure, owe their rise in life to this little vrork. **'-'Buildttt£ New*. 

Engineers and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprismg a Collection of Useful 
Tables, Rules, and Data. By Wm. Templeton. i8mo^ zs, 6d, 

Smith's Tables for Mechanics^ &c. 

TABLES, MEMORANDA, and CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, 
BUILDERS, &c. Selected and Arranged by Francis Smith. 
240pp. Waistcoat-pocket size, ls.6d.f limp leather, {yust pttbiished. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. With 
Examples of Practical Geometry and Templating, for the use of 
Platers, Smiths, and Riveters. By John COURTNEY, Edited by 
D. K. Clark, M. I. C.E. i2mo, 9J. half-bd. [Just published. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inches in length, 
by I to 108 inches m breadth. By J. Hawkings. Fcp, 3^. td. cl. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE. By Dr. Ernst 
Alban. Translated from the German, with Notes, by Dr. Pole, 
F.R.S. Plates, 8vo, i6j. 6^/. cloth. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 

struction, and Economical Working. By R, Wilson, C.E, 

Fifth Edition. i2mo, 6j. doth. 
*' 3 he best work on boilers which has come under our VLO^xc^^'^Engineerittg, 
" I'he best treatise that has ever been published on steam boilers."— ^Mffipi^^r. 

Mechanics. 

THE HANDBOOK OF MECHANICS. By DioNYSius 

Lardner, D.C.L. New Edition, "EdMed axvd toTksAsniJciVj ¥.tL- 

lar^ed, by Benjamin Loewy, F.U, A^.S., &<:.» ^?x^nq, ^s. etfieo.. 
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MATHEMATICS, TABLES, ETC. 

Metrical Units and Systems, &c. 

MODERN METROLOGY ; A Manual of the Metrical Units 
and Systems of the present Century. With an Appendix con- 
taining a proposed Englbh System. By Lowis D*A. Jackson, 
A.-M. Inst. C.E., Author of ** Aid to Survey Practice," &c. 
Large Crown 8vo, I2j. dd, cloth. [yust published, 

Gregorys Practical Mathematics. 

- MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
PdRB Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials, &c. By Olinthus Gre- 
gory, LL.D., F.R. A.S. Enlarged by H. Law, C.E. 4th Edition, 
revised by Prof. J. R. Young. With 13 Plates. 8vo, i/. u. cloth. 

Mathematics as applied to the Constructive Arts, 

A TREATISE ON MATHEMATICS AS APPLIED TO 
THE CONSTRUCTIVE ARTS. Illustrating the various pro- 
cesses of Mathematical Investigation by means of Arithmetical and 
simple Algebraical Equations and Practical Examples, &c. By 
Francis Campin, C.E. i2mo, 35. (yd. cloth. [Just published. 

Geometry for the Architect^ Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic By E. W, Tarn, M. A. With Appendices on Diagrams 
of Strains and Isometrical projection. Demy 8vo, 9j. cloth. 

Practical Geometry. 

THE GEOMETRY OF COMPASSES, or Problems Resolved 
by the Mere Description of Circles, and the Use of Coloured 
Diagrams and Symbols. By Oliver Bykne. Coloured Plates. 
Crown 8vo, 3^. 6«/., cloth. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
DowLiNG, C.E. 2nd Edit, revised and enlarged. 8vo, icxr. td, cl. 

Inwood^s Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases ; also for Valuing Reversionary Estates, De- 
ferred Annuities, &c. By WiLUAM Inwood. 21st edition, with 
Tables of Logarithms for the more Difficult Computations of the 
Interest of Money, &c. By M. FtooR Thoman. i2mo. &r. doti^ 
'* Those fa&terested in the purdiase and sale of ea^te», «a^ Vbl ^<b ^^v^sficcoKGiL t^ 

compeaaaJko. cases^ as well as in tranaacdoni m axauu\itA,>ai<b \&soxvDfiK»> %;&.>^^k^ 

dud the pitteat edition of emiaent weinkit,**^^Engmt9ring, 

C 1. 
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WeightSy Measures^ Moneys^ &c. 

MEASURES, WEIGHTS, and MONEYS of aU NATIONS, 
Entirely New Edition, Revised and Enlarged. By W. S. B. 
WooLHOUSE, F.R.A.S. i2mo, 2s, 6d, cloth boards. 

Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c, in all their Applications and 
Uses for Mercantile and State Purposes. By FftDOR Thoman, 
of the Soci^t^ Credit Mobilier, Paris. 3rd Edit, l2mo, 4J. 6</. d 

Iron and Metal Tradei Calculator. 

THE IRON AND METAL TRADES* COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from is. per owt. to ii2s, per 
cwt., and from one farthing per lb. to u. per lb. Each Tabic ex- 
tends from one lb. to 100 tons. ByT.DowNiE. 396 pp., 9J., leather. 

Iron and Steel. 

IRON AND STEEL: a Work for tiie Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters and 
their Stocktakers ; Managers of Bar, Rail, Plate, and Sheet Rolling 
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Builders, 
&c. By Charles Hoare. Eighth Edit Oblong 32mo, dr., leather. 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from i Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Qmibinations, 
consisting of a single addition, will afford an aggr^ate of 10^266,000 
Answers ; the whole being calculated and designed to ensure 
Correctness and promote Despatch. By Henry Harben, 
Accountant New Edition. Royal 8vo, i/. 5^., half-bonnd. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising Tables for the use of 
Merchants, Manufisicturers, Ironmongers, and others, by whidi 
may be ascertained the exact profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method 
of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise any required 
profit alter allowing one or more Discounts : to which are added 
Tables of Profit or Advance from i^ to 90 per cent. Tables of 
Discount from i^ to 98} per cent., and Tables of Commission, &c., 
from I to 10 per cent By H. Harben, 8vo, \L ^r., half-bcnmd. 

Matliematical Instruments. 

MATHEMATICAL INSTRUMENTS: Thdr Construction, 
Adjastmcnt, Testing, and Use ; convpnsm^ l>t«:«Tfie^ Measnim& 
Optical^ Surveying, and AstconoindcBl 'iB^t roroni i K . '^ V^< 
Hkathkm, M. a. Enlarged Eiai^^nu isiikh S^ ^s^f^ 
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SCIENCE AND ART. 
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Gold and Gold-Working. 

THE GOLDSMITH'S HANDBOOK : containing fuU instruc- 
tions for the Alloying and Working of Gold. Includmg the Art of 
AMoying, Melting, Reducing, Colouring, Collecting and Refining. 
Chemical and Physical Properties of Gold, with a new System of 
Mixing its Alloys ; Solders, Enamels, &c. By George E. Gee. 
Second Edition, enlarged. i2mo, 3.r. dd, cloth. 

" The best work yet printed on its subject for a reasonable price." ^^JewtJUr. 

"Essentially a practical manual, well adapted to the wants of amateurs and 
apprentices, contaming trustworthy information that only a practical man can 
supply."— ^n^/S^A Mechamc, 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver. Including the 
different Modes of Refining and Melting the Metal, its Solders, the 
Preparation of Imitation ^oys, &c By G. E. Gee. i2mo, 3.r. 6^. 
" The chief merit of the work is its practical character. The workers in the trade 
will speedily discover its merits when they sit down to study \X,**-~'Er^Ush Mtchanic . 

Hall-Marking of Jewellery. 

THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, comprising an account of all the different Assay 
Towns of the United Kingdom; with the Stamps at present 
employed ; also the Laws relating to the Standards and Hall* 
Marks at the various Assay Offices ; and a variety of Practical 
Suggestions concerning the Mixing of Standard AUoys, &c. By 
George E. Gee. Crown 8vo, 55. cloth. [Just published, 

Electro-Platings &c. 

ELECTROPLATING: A Practical Handbook. By J. W. 

Urquhart, C.E. Crown 8vo, 5^. cloth. 
"Any ordinarily intelligent person may become an adept in electro-dej^osition 
with a very little science indeed, and this is the book to show the yny.^'^^BuHder, 

Electrotyping, &c. 

ELECTROTYPING : A Practical Manual on the Reproduction 
and Multiplication of Printing Surfaces and Works of Art by the 
Electro-deposition of Metals. By J. W. Urquhart, C.E. 
Crown 8vo, 5j. cloth. 
"A guide to beginners and those who practise the old and imperfect methods."— /tmk. 

Electro-Plating. 

ELECTRO-METALLURGY PRACTICALLY TREATED. 
By Alexander Watt, F.R.S.S.A. Including the Electro- 
Deposition of Copper, Silver, Gold, Brass and Bronze, Platinum, 
Lead, Nickel, Tin, Zinc, Alloys of Metals, Practical Notes, &c., 
&c Seventh Edition, Revised and Enlarged, including the most 
recent Processes. i2mo, 3^. 6d, cloth. 
' From this book both amateur and artisan may learn everythm^ t!iecfissar<3 Cc:kX 

the successful prosecution of electroplating." — Iron. 
**A practical treatise for the use of those w\vo desvtt lo vjotWcv ^t «5X <i'^ 'S^.Ca^ 

deposition as a busiacss/'—Engiish Mechanic, 
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Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com'^ 

? rising also Useful Formulae, Tables, and Receipts for Gold 
late, Clasps, Solders, etc., etc By Charles Hunter. Second 
EdM ion. Revised ; including a new chapter on the use of Celluloid. 
With over lOO Engravings. Cr. 8vo, yj. dd, cl. \Just published, 
" An authoritative treatise, which we can strongly recommend to all students."— 
Dublin Journal of Medical Science. 
" The best book on the subject with which we are acquainted.*— ilftf^a/ Frea. 

Electricity. 

A MANUAL of ELECTRICITY ; including Galvanism, Mag. 
netism, Diamagnetism, Electro-Dynamics, Magneto- Electricity, and 
the Electric Telegraph. By Henry M, Noad, Ph.D., F.C.S. 
Fourth Edition, veith joo Woodcuts. 8vo, i/. 4r. doth. 
" The accounts ^iven of electricity and galvanism are not only complete in a scientific 
sense, but, which is a rarer thing, are popular and interesting. —XaxK*^/. 

Text-Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., &c. Nev^ Edition, Revised. 
With an Introduction and Additional Chapters by W. H. Preece, 
M.I.C.E., Vice-President of the Society of Telegraph Engineers, 
&c. With 470 Illustrations. Crown 8vo, \2s, dJ. cloth. 
"A reflex of the existing state of Electrical Science adapted for students."' 
W. H. Preece, Esq., vide " Introduction." 

" We can recommend Dr. Noad's book for clear s^le, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
pensable." — A thenaum. 

** An admirable text-book for every student— beginner or advanced — of electricity. ** 
—JSngineering: 

" Recommended to students as one of the best text-books on the subject that they 
can have. Mr. Preece appears to have introduced all the newest inventions in the slu^ 
of telegraphic, telephonic, and electric-lightbg apparatus." — English Mechanic, 

" Under the editorial hand of Mr. Preece the late Dr. Noacfs text-book of dec* 
^ricity has grown into an admirable handbook." — Westminster Review, 

Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying plain 
Directions for the Working of Galvanic Batteries, Electric Lamps, 
and Dynamo-Electric Machines. By J. W. Urquhart, C.E., 
Author of •* Electroplating." Edited by F. C. Webb, M.LC.E., 
M.S.T.E. With 94 Illustrations. Crown 8vo, *js, 6d, cloth. 

** The book is by far the best that we have yet met with on the subject." — Athenaeum. 

"An important addition to the literature of the electric light. Students of the 
subject should not fail to read it."— Colliery Guardian. 

Lightning, &c. 

THE ACTION of LIGHTNING, and the MEANS of DE- 
FENDING LIFE AND PROPERTY FROM ITS EFFECTS. 
By Arthur Parnell, Major in the Corps of Royal Engineers. 
l2mo, 7 J. dd. cloth. 
" Major Parnell has written an original work on a scientific subject of unusual inte- 
rest ; and he has prefaced his arguments by a patient and almost exhaustive citation 
of the best writers on the subject in the Eng\\su\at\g,wa^fc." — Athenaum, 
** The work comprises all that is actually Vnov^u on vYv^ WL\>\tcx." — Land. 
" Major PBmtU's measures are based on t\ve resMUs ol ^xj^Tv^ncfc. N.N«^.\»t^^ 
rK^^r/<f/re of facts and principles arranged Vn a scveTn\:Ac lotm: ^Building Ne^»«. 
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The Alkali Trade — Sulphuric Acidy &c. 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon- 
T3me and London. With 232 Illustrations and Working Draw- 
ings, and containing 386 pages of text. Super-royal 8vo, 
2.1, 1 2 J. dd, cloth. 

This nvork^ovides (i) a CompleU Handbook for intending Alkali and Sulphuric 
Acid Manufacturers^ and for those already in the field who desire to improve their 
plants or to become practically acquainted with the latest processes and development 
of the trade ; (a) a Handy Volume which Manufacturers can put into the hands o 
their Managers and Foremen as a useful guide in their daily rounds qfduty. 

Synopsis op Contents. 



Chap. I. Choice of Site 'and General 
Plan of Works— II. Sulphuric Acid— 
III. Recovery of the Kitrogen Com- 
pounds, and Treatment of Small Pyrites 
—IV. The Salt Cake Process— V. Legis- 
lation upon the^Noxious Vapours Ques- 
tion — ^Vl. The Hargreaves' and Jones' 
Processes— VII. The Balling Process — 
VIII. Lixiviation and Salting Down — 



IX. Carbonating or Finishing — X. Soda 
Crystals — XI. Refined Alkali — XII. 
Caustic Soda — XIII. 6i-carbonate of 
Soda — XIV. Bleaching Powder— XV. 
Utilisation of Tank Waste— XVI. General 
Remarks — Four Appendices, treating of 
Yields, Sulphuric Acid Calculations, Ane- 
mometers, and Foreign Legislation ui)on 
the Noxious Vapours Question. 



" The author has given the fullest, most practical, and, to all concerned in the 
alkali trade, most valuable mass of information that, to our knowledge, has been 
published in any language." — Engineer. 

*' This book is written by a manufacttirer for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no less than 232 wood engravings, all of which may be used for the purposes of con- 
struction. £very step in the manufacture is very fully described in ihis manual, and 
each improvement explained. Everything which tends to introduce economy into 
the technical detaib of this trade receives me fullest attention. The book has been 
produced with great completeness." — Athenaum. 

"The author is not one of those clever compilers who, on short notice, will 'read 
up* any conceivable subject, but a practical man in the best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles of 
the trade, but a notice of numerous matters which have a most important bearing 
on the successful conduct of alkali works, but which are generally overlooked by 
even the most experienced technological authors. This most valuable book, which 
we trust will be generally appreciated, we must pronounce k credit alike to its author 
and to the enterprising firm who have undertaken its publication."— CA^mnra/ 
Review. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of ** Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
" Treatise on Chemical Analysis." New Edition, Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustrations. Cr. 8vo, 12s, 6d. cloth. 



<i' 



' We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it to our r«ulers as a 
guide, alike indiq;>ensable to the housewife as to the pharmaceutical practitioner/'— 
MeduaJ Times, 

**E8seatisd to the analysts app<Mnted under the ixew KcX. TV« m<»x. t^wsX^was^^^ 
^rcgiveuf smd the work a well e^ted said c«xnfid^^ vrcvVXreep**— Na.tuT«^ 
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Dr. Lardner^s Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited Ijf 
DiONYSius La&dnsr, D.CL., formerly Professor of Natond Phi- 
losophy and Astronomy in University Coll^et London. Widi op- 
wards of 1 200 Engravings on Wood. In 6 Double Volumes. 
Price £1 IS., in a new and degant" cloth binding, or handsomely 
bound in half morocco, 3IJ. 6^ 

OPINIONS OF THE PRESS. 

"Tliis series, besides affording popuhur but sound instracdan on scientific subjects, 
with which the humblest man in the country ought to be acquainted, also undertakes 
that teaching of ' common things ' which every well-wisher of his kind is anxious to 
promote. Many thousand copies of this serviceable publication have been printed, 
in the belief and hope that the desire for instruction and improvement widely p«- 
vails ; and we have no fear that such enlightened faith will meet with disai^ouit- 
menL"— TtVwyj. 

" A cheap and interesting publication, alike informing and attractive. The papen 
combine subjects of importance and great scientific knowledge, considerable mflbc- 
tive powers, and a popular style of treatment.** — Spectator, 

** The * Museum of Science and Art ' is the most valuable contribution that bas 
ever been made to the Scientific Instruction of every class of society.'* — Sir David 
Brtwtter in tfu North British Review. 

'* Whether we consider the liberality and beauty of the illustrationt, the diam of 
the writing, or the durable interest of the matter, we must express our belief tbat 
there is hardly to be found among the new books, one that would be welcomed bjf 
pecple of to many ages and classes as a valuable ynsKoXT'—RxamiHor, 

\* Separate hooks formed from the abcve^ suitable for WorkmenCs 

Libraries^ Science Classes, 6^. 

COMMON THINGS EXPLAINED. Containfaig Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, cloth gilt, 5^. 

THE MICROSCOPE. Containing Optical Images, Magnifying 
Glasses, Oriein and Description of Uie Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c. 147 Illustrations, doth gilt, 2s, 

POPULAR GEOLOGY. Contaming Earthquakes and Volcanoes, 
the Crust of the Earth, etc 201 Illustrations, doth gilt, 2s. 6d, 

POPULAR PHYSICS. Containing Magnitude and Mmuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus- 
trations, cloth gilt, 2s, 6d, 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. 89 Illustrations, cloth gUt, 2s. 

POPULAR ASTRONOMY. Contaming How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
" " Astronomical Influences, &c 182 Illustrations, 4f. 6d. 

fD WHITE ANTS : Then- Manners and Habits. 
>ns of Animal Instinct and Intelligence. 135 lUus- 
gilt, 2S. 

TELEGRAPH POPULARISED. To render 
rho can Read, irrespective of any previous Sden- 
various forms of Telegraphy in Actual 
itions, doth gilt, \s, 6d, 
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Dr. Lardnef^s Handbooks of Natural Philosophy. 

•»• The following five volunusy tho/ugh each is Complete in itself, and to bepitr- 
cAased separately, jorm A CoMPLBTE 0>VRSE op Natural Fhiix>sophv, afia are 
intended for the general reader who desires to attain accurate knowledge of the 
various departmekts of Physical Science, without pursuing them according to the 
more profound methods of mathematical investtzation. The style is studiously 
popular. It has been the author's aim to supply Manuals such as are required by 
the Student, the Engineer, the Artisan, and the superior classes in Schools, 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8yo, 6j. cloth. 
"Theperspicuitv of the original has been retained, and chapters which had 
become obsolete, have been replaced by others of more modem character. The 
explanations throughout are studiously p(»>ular, and care has been taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life." — Mining Journal. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 

F.R.A.S. With 236 Illustrations. Post Svo, 5j. cloth. 
" For those ' who desire to attain an accurate knowledge of physical science with- 
out the profound methods of mathematical investigation/ this work is not merely in- 
tended, but well adapted."— CA^mfcn/ News, 

THE HANDBOOK OF HEAT. Edited and almost entirely 
Rewritten by Benjamin Loewy, F.R.A.S., etc 117 Illustra- 
tions. Post Svo, 6s, cloth. 
" The style is always clear and precise, and conveys instruction without leaving 
any cloudiness or lurlung doubts httand."'— Engineering, 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B.A. 298 Illustrations. Post 8vo, 5^. cloth. 

" Written by one of the ablest English scientific writers, beautifully and elaborately 
iMastnLttdi.'*— Mechanics* Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B.A., F.CS. With 400 Illustrations. Post 8vo, Ss, doth. 
** The book could not have been entrusted to zxiy one better calculated to preserve 
the terse and lucid style of Lardner, while correcting his errors and brin^^ng up his 
work to the present state of scientific knowledge."— /V^^ivAi^ Science Revtew, 

Dr. Lardner' s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the "Handbooks of Natural Philosophy." By Diony- 
sius Lardner, D.C.L. Fourth Edition. Revised and Edited by 
Edwin Dunkin, F.R.S., Royal Observatory, Greenwich. With 
38 Plates and upwards of 100 Woodcuts. In i vol., small 8vo, 
550 pages, gj. 6^., cloth. 
"Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
offered to the public." — Athenaum,. 

** We can do no other than pronounce this work a most valuable manual of astro- 
nomy, and we strongly recommend it to all who wish to acquire a general— but at 
the same time correct — acquaintance with this sublime science." — Quarterly Journal 
of Science. 

Dr. Lardnei^s Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. 
Lardner. With 520 Illustrations. New edition, small 8vo, 
cloth, 732 pages, 7^. dd, 
'* We have no hesitation in cordially reoommendmg 'Vi,**-^EdHcaiional Times, 
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Dr. Lardner^s School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. LaedniJ. 

328 Illustrations. Sixth Edition. I voL y. 6d. doth. 
" Omveys. in dear and precise terms, general notions of all the principal £vidoai 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dk. Laednwu 

With 190 Illustrations. Second Edition. I voL y. 6d. doth. 
" Clearly written,well arranged, and eacoellently illustrated. " Car dttur^ CJkrmidt, 

Dr. Lardner's Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re- written, by E. B. BRIGHT, F.R.AS. 
140 niustiations. Small 8vo, 2s. 6d. doth. 
" One of the most readable books extant on the Electric Tdegraiih.''— f a^. Mtdiamt. 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.LS. 
With Appendix by Ralph Tate, A.L.S., F.G.S. With numer- 
ous Plates and 300 Woodcuts. 5id Edition. Cr. 8yo^ is, 6d, dotfa. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or, Geology and 
Genesis, their Perfect Harmony and Wonderful ConccmL By 
George W. Victor leVaux. Fcap. 8vo, $s. doth. 

** A valuable contribution to the evidences of revelation, and.disposes very condn* 
sively of the arguments of those who would set Go<P» Works against God's Word. 
No i«al difficulty is shirked, and no sc^khistry is left unexposed. * — Tke Rack. 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; bdng a Series of Essays on— I. 
Alleged Discrepancies; 2. The Theory %A the Geologists and 
Figure <tf the Earth ; 3. The Mosaic Cosmogony ^ 4. Mizades in 
general — ^Views dL Hnme and P6weD ; 5. The Miracle of Josboa— 
ViewsofDr. Cdloiso^&c. By Plot J. R. Young. Fcap. 5^. doth. 

Geology. 

A CLASS-BOOK OF GEOLOGY: Consisting of "Physical 
Geology," which sets forth the Leading Principles of the Science ; 
and " Historical Geology," whidi treats of the Mineral and Oiganic 
Conditions of the Earth at eadi successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate. 
With more than 250 lUostiations. Fcap. 8to, 5j. doth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev. 
John Caur, M. A., late Fellow of Trin. ColL, Camk iSmo^ 5^. cL 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visiton to Picture 
Galleries, and for Art>Students^ indndi]]^ methods of Faintii^ 
Cleaning, Re-lining, and Restoring Prinapal Sdiods of Bunting, 
Copyistsandlmitatois. ^PHiLimDAiLTl,B.A. OcSvo^^U.^ 



PUBLISHED BY CIIOSBY LOCKWOOD & CO. 27 

^ 

Clocks^ Watches y and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart., LL.D., Q.C., 
F.R.A.S. Seventh Edition, revised and enlarged. Limp doth 
(No. 67, Weale*s Series), 41. 6al'.; d. bds. 5^.6^^. [Just published, 

"The best work on the subject probably extant. The treatise on bells is un- 
doubtedly the best in the Xaaxg^ge.**'- Engineering. 

"The only modem treatise on cltxii-Tsc^ang.'' —Horoloiical yournal. 

The Construction of the Organ. 

PRACTICAL ORGAN-BUILDING. By W. E. Dickson, 

M. A., Precentor of Ely Cathedral. Second Edition, revised, with 

Additions. i2mo, y, cloth boards. \jfust published. 

" In many respects the book is the best that has yet appeared on the subject. We 

cordially recommend it." —Eng^lish Mechanic. 

"The amateur builder will find in this book all that is necessary to enable him 
personally to construct a perfect organ with his own hands." — Academy, 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crown 8vo, 3^. 6d, cloth. 

" A thoroughly scientific treatise in popular language." — Morning Advertiser, 
" We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Brewer, 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE- WARES: their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, DryssJters, Brokers, &c. By J. 
W. Slater. Second Edition. Re-written and Enlarged. Crown 
8vo, is, 6d, cloth. [Just published. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, appUed to Decorative 
Painting and the Arts. By George Field. New edition. By 
Ellis A. Davidson. i2mo, 3^. (>d, cjoth. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg. With 24 full-size Coloured Plates ; also 
12 Plain Plates, comprising 154 Figures. Folio, 2/. \2s, 6d. bound. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of OiEcers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. 2nd Edition, revised; nearly 350 Engravings 
and many hundred Woodcuts. 3 vols, royal 8vo, doth, 4/. lor. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late ProfessQi qC 
Fortification in the R. M. A., WooVmcK ^VxAi 'SA^<a«^ ^^-sk^ 
Syo, dotb, with separate Atlas of 12 ¥\aX«&t l2s« coai^^s^^ 
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Diseases of Sheep. 

' STRUCTURE, ECONOMY, 
C SKXMtER, M.R.V.C., 4c 
a, indadif^ speciinens of New 

ma] for Prodncers, Distributors, 
leal. Beiig i treatise on means of 
. on. Also trealiiig of the Breeding, 
;IiteiiDg of Meat- jidding Live Stock ; 
By JoHX EWAKT. Cr. Svo, sj.cloth. 
: meal qostian. whkfi deuvu serious and 
ie.~—Meal imJ PraviiiH Tta^ii Ervirw. 

's Sitburban Farming. 

KG. A Treatise on the Laying Out and 

g adapted to the produce of Milk. Butter and 

by, and Pigs. By the late Professor JOHN 

pAddilions, Illustrating llie more Modem Prac- 

), 4J. cloth boards, 

J OF GREAT BRITAIN. A Text-book of 
Hpled to the Syllabus of the Science and Art 
*■ t Elementary and Advanced Students. By 

s (Board of Trade). With an Introduction by 
l8mo, it. (>d. cloth. 

,. -.joFlheDrdiDaryraulmeoEEnglulifiirdi-life."— ZaM^, 

hMiflve volume, giving ■ idu& of \aianas.iiiA,"—AgrieittlHrat 

wndng. 

^pr MODERN FARMING. By R. Scott Burr. 
\ and Crops — Farming and Fanning Economy— 
- ' Horses — Management ot the Dalnr, Piei, Mid 

jn of Town Sewage, Inigatbn.&c Now Edition. 

B pp., baltltoniiid, prMiuelT Uluitnted, in, 
Jk MaM within Iba limiti it tU* taMit* U anwt • ^~ 
■ ilaararUioi 
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DelamoMs Works on Illumination &AlphabeU. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 

use of Beginners : with a Rudimentary Treatise on the Art, Fnc* 

tical Directions for its Exercise, and numerous Examples taken 

from Illuminated MSB., printed in Gold and Colours. By F. DxiA* 

MOTTS. Small 4to, 9/. Elegantly bound, doth antique. 

"The examples of ancient MSS. recommended to the student. wUcfa, with mnch 
jfooA sense, the author chooses from collections accessible to all, are sdecfeedw^ 
judgment and knowledge, as well as Xa&tt,**^'Athefugum, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDLEVAL; 

from the Eighth Century, with Numerals ; including Gothic, 

Church-Text, German, Italian, Arabesque, Initials, Monograms, 

Crosses, &c. Collected and engraved by F. Delamotti^ and 

printed in Colours. New and Cheaper Edition. Royal 8vo, 

oblong, 2s, 6d, ornamental boards. 

" For those who insert enamelled sentences round gpUded chalices, who blazon shop 
legends over shop-doors, who letter church ynMiM with pithy sentences frooi Ae 
Decalogue, this book will be useful. " — Athenaum, 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; iucludii^ German, Old English, Saxon« Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Kiband, Gothic, Rustic, and Arabesque, &c., &c. Collected and 
engraved by F. Delamotte, and printed in Colours. New and 
Cheaper Edition. Royal 8vo, oblong, 2s, 6d, ornamental boards. 

" There is comprised in it every possible shape into which the letters of the alphabet 
and numerals can be formed." — Standard. 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Containing 21 Plates, and 
Illuminated Title, printed in Gold and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4to, dr. doth gilt 

THE EMBROIDERER'S BOOK OF DESIGN ; contaming Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaival and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, is. 6d, ornamental wrapper. 

Wood-Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2s. 6d. 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from 'A Lady's' publication." — Athetutunu 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art By Thomas John Gullick, 
Painter, and John Timbs, F.S.A. Fourth Edition, revised and 
enlarged. With Frontispiece and Vignette. InsmallSvo, 5^. 6^^. doth. 
%* TTiis Work has been adopted as a Prize-book in the Schools of 
Art at South JCensington, 
** Contains a lai^e amount of original matter, agreeaUy conveyed.**— ^mU^. 
" Much may be learned, even by those who fancy they do not require to be tang^ 
from the careful perusal of this unpretending butcomprdlensivetreatiaeu*•-^/fr^y!0lwrM^ 
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AGRICULTURE, GARDENING, ETC. 
Youati and Burtis Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo. 
▼olume, 860 pp. with 244 Illustrations, i/. \s, half-bound* 

" The standard and text-book, with the farmer and grazier, "—/^arm^x Maganne. 

"A treatise which will remain a standard work on the subject as long as British 
agriculture endures.** — Mark Lane Express. 

History y Structure^ and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 41. cloth. 

Prodtcction of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. Being a treatise on means of 
increasing its Home Production. Also treating of the Breeding, 
Rearing, Fattening, and Slaughtering of Meat-yielding Live Stock ; 
Indications of the Quality, etc. By John Ewart. Cr. 8vo, 5^. cloth. 
" A compact and handy volume on the meat question, which deserves serious and 
thoughtful consideration at the present time." — Meat and Provision Tradei Review, 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. A Treatise on the Laymg Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With Additions, Illustrating the more Modem Prac- 
tice, byR. Scott Burn. i2mo, 4X. clom boards. 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN. A Text-book of 
Agriculture, adapted to* the Syllabus of the Science and Art 
Department. For Elementaiy and Advanced Students. By 
Hugh Clements (Board of Trade). With an Introduction by 
H. KA.INS- Jackson. i8mo, 2j. 6df. cloth. 

" A clearly written description of the ordinary routine of English farm-life.** — Land, 
** A carefully written text-book of A^^culture. " — A ihenteutn. [Economist. 

"A most comprehensive volume, giving a mass of information." — Agricultural 

Modem Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy — '- 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry — UtiUsation of Town Sewage, Irri^tion, &c New Edition. 
In I voL 1250 pp., half-bound, profusel]^ illustrated, I2j. 
" Thera is sufficient stated within the limits of dus treatise to prevnit a fiumer 
from going far wrong in any of his operations." Ohutver. 
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The Management ^f Estates. 

LANDED - EOTATES MANAGEMENT; Treating of the 
Varietiesof Lands, Methods of Farming, Farm Building, Irrigation, 
Drainage, &(k By R. Scott Burn. i2mo, y, cloth. 

" A complete and comprehensive outline of the duties appertaininif to the manage- 
ment of landed estates J ' — Journal of Forestry. 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Organiza- 
tion of Farm Labour. Treating of the General Work of the Farm, 
Field, and Live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Cottage, 
Domestic Animals, &c. By Robert Scott Burn. i2mo, 3J. 

Management of Estates and Farms. 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn. (The above Two Works in One Vol.) 6s, 

Hudson* s Tables for Land Valuers. 

THE LAND VALUERS BEST ASSISTANT : being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c By R. Hudson, CE. 
New Edition, royal 32mo, leather, ^t edges, elastic band, 4J. 

Ewart's Land Improver's Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULAE, TABLES, and MEMORANDA, required m any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor. 32mo, leather, 4J. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, *js, 6d, 
** We consider Hudson's book to be the best ready-reckoner on matters relating to 
the valuation of land and crops we have ever seen, and its combination with Mr. 
Ewart's work gready enhances the value and usefulness of the latter-mentioned.— 
It is most useful as a manual for reference." — North 0/ Eft^nd Farmer* 

Grafting and Budding. 

THE ART OF GRAFTING AND BUDDING. By Charles 
Baltet. Translated from the French. With upwards of 180 
Illustrations. i2mo, 3^. cloth boards. \yust published. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profitable Culture of. In- 
cluding Choice of Trees, Planting, Grafting, Training, Restoration 
of Unfruitful Trees, &c. From the French of Du Breuil. Third 
Edition, revised. With an Introduction by GEORGE Glenny. 4j.c1. 
" The book teaches how to prune and train fruit-trees to perfection."— /'Vi*^. 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM; A 
Practical Guide to the Cultivation and "General Treatment of the 
Potato. By James Pink« With Illustrations. Cr, 8vO| 2s. cL 
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Good Gardening. ^ • 

A PLAIN GUIDE TO GOOD GARDEND^G ; or, How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-oat of Gardens and 
Grounds, &c. By S. Wood. Third Edition. Cr. 8vo, Jj. cloth. 
"A Yery eood book, and one to be highly recommended as a practical "^ide. 
The practicsQ directions are excellent" — Athefueum, 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or. How to make One 
Acre of Land produce ;f 620 a year, by the Cultivation of Fruits 
and Vegetables ; also. How to Grow Flowers in Three Glass 
Houses, so as to realise ;^I76 per annum clear Profit. By Samuel 

Wood. 3rd Edition, revised. Cr. 8vo, 2J. cloth. 
" We are bound to recommend it as not only suited to the case of the amateur and 
gentleman's gardener, but to the market grower." — Gardener's Magazine. 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateur's Complete Guide. By S. Wood. Cr. 8vo, 35. td. 

Bulb Culture. 

THE BULB GARDEN, or, How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. By Samu£L 
Wood. Coloured Plates. Crown 8vo, y, 6d. cloth. 

Tree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR: 
A Practical Manual on the Propagation of Forest Trees, Fruit 
Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood. i2mo, 2J. (id» cloth. 

Tree Pruning, 

THE TREE PRUNER : A Practical Manual on the Praning of 
Fruit Trees, their Training and Renovation ; also the Pruning of 
Shrubs, Climbers, &c. By S. Wood. i2mo, 2j. 6^. cloth. 

Tree Planting, Pruning, & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Samuel Wood, Author of ** Good Gardening," &c. Consisting 
of the above Two Works in One Vol., 5j. half-bound. 

Early Fruits^ Flowers and Vegetables. 

THE FORCING GARDEN : or. How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates for Building 
Glasshouses, Pits, Frames, &c. By S. Wood. Crown 8vo, 3^. dd. 

Market Gardenings Etc. 

THE KITCHEN AND MARKET GARDEN. By Con- 
tributors to "The Garden." Compiled by C. W. Shaw, Editor 
of ** Gardening Illustrated." i2mo, 3J. ()d. cl. bds. [yust published. 

Kitchen Gardening. 

KITCHEN GARDENING MADE EASY. Showmg how to 

prepare and lay out the ground, the best means of cultivating every 

. known Vegetable and Herb, etc. By G. M. F. Glenn Y. i2mo, 25. 
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^A Complete Epitome of the Laws of this Country] 

EVERY MAN'S OWN LAWYER ; a Handy-Book of the Prin. 
ciples of Law and Equity. By A Barrister. New Edition. 
Corrected to the end of last Session. Embracing upwards of 
3,500 Statements on Points of Law, Verified by the addition ot 
Notes and References to the Authorities. Crown 8vo, doth, 
price 6j. &/. (saved at every consultation). 

COMPRISING THE RIGHTS AND WRONGS OF INDIVIDUALS, MERCANTILE 
AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW, COUNTY COURT 
LAW, GAME AND FISHERY LAWS, POOR MEN*S LAW, THE LAWS OF 



Bankruptcy—Bills op Exchange^ 
Contracts and Agrbbmbnts — Cofy- 
rioht— dowbr and divorcb— elec- 
TIONS AND Registration — Insurance 
—Libel and Slander — Mortgages— 

Also Law for Landlord and Tenant — 
Master and Serrant— Workmen and Ap- 
prentices — Heirs, Devisees, and Lq;a- 
toei — Husband and Wife — Executors 



Settlements — Stock Exchange Prac* 
TiCE — Trade Marks and Patents- 
Trespass, Nuisances, etc — ^Transfb 
OF Land, etc. — Warranty — Wills 

AND AgREBBIENTS, ETC 

—Friendly Societies — Clergymen, Churd: 
wardens — Medical Practitioners, &c. — 
Bankers — Farmers — Contractors — Stodt 
and Share Brokers — Sportsmen and Game* 



and Trustees — Guardian imd Ward — | keepers — Farriers and Horse-Dealers— 
Bfarried Women and Infants«-Partners Auctioneers, House-Asents— Innke^ers, 
and Agents — Lender imd Borrower — &c. — Pawnbrokers — Surveyors — Kail- 
Debtor and Creditor — Purchaser and ways and Carriers, &c., &c. 
Vendor — Companies and Associations 

** No EngUshmim ought to be without this book." — Engmeer, 
" What it professes to be— a complete epitome of die laws of this country, dioroughly 
intelligible to non-professional readers. The book b a handjr one to have in readiness 
when some knotty point requires readv solution.**— uffr/rx Lift. 
** A useful and concise epitome of the law." — Law Magaxine, 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c. By John Wheeler, Valuer, &c 
Fourth Edition, enlarged, by C Norris. Royal 32mo, doth, 5/. 
** A condso book of reference, containing a dearh^ananged list oif prices for 
inventtMries, a pra^ical gukte to d^ennine t£e vahie of faniiture, ftc.**— kSi^MM&ndl 

Auctioneering. 

AUCTIONEERS : THEIR DUTIES AND LLABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, lor. 6<1 doth. 

" £ver>* auctioneer and valuer ought to possess a o^y of diis vahiable work." — 
House Property. \Jrmummgtr. 

HANDBOOK OF HOUSE PROPERTY : a Pbpolar and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidatioiis and 
Fixtures, v^c. Bv E. L. Tarbuck. 2nd Edit i2mo^ 3r. ttL dodL 

* W« are glad to be aUe to recoounend TX^—BmiUer. 
** Tb« advKe is thorousKly practkaL**— JUar ymrm m f , 

Afetropo/i/an jRating. 

METROPOLITAN RATING : a Summary of the Appeals 
hearvl before the Court of General Assessmoit Sessions at West- 
n^oster, in the years 1871-^ indusiTe. Containing a large mass 
of venr valuable informatioii with respect to the Rating of Rail- 
ways, Gas and Waterworks, Tramways, VTharre^ Pablic H< 

^cT By Edward and A. L. Ryde. Sto, 12s; 6d, 



i A SELECTIOK FBOK WEALE'S BEBIE8. 2»fe'S 

^ AGRICULTURE, QARDENINQ, &c. W^% 

i SOILS, MANUBES, AND CROPS. By B. Scott ■^^A 

S JJuiiN. -Woodcuta. 2a. Xk5'^ 

I FARMING AND FARMING ECONOMY, Notes, "^foj 

- ■ HiBtorical and Practical, on. Uy R, Scott Burn. Woodcuta. Sa. .^irv^ytXC 



■^""' Hi' 



J STOCK; CATTLE, SHEEP, AND HORSES. By i^Yi'jtf 

i E. Scott Buhn. 2e. 6d. *>,"y'^ 

5 n^Jiey, P/GS, ^.VD poultry. By B. Scott tftftr* 

y Buaif. With Notes on the DiBenseB of Stock. Woodcuts, 2a. ^AstM 

y UTILIZATION OF SEWAGE, IRRIGATION, AND Kj^jt? 

H SECLAMATION OF WASTE LANS. By E, Scolr Bcbm. ^^-x"^ 

5 Woodcuta. 2a. 6d. jAjTi: 

r; Ths nJoia /v» iiwrtj ii djw wo/hum, ^Bifrfwuiw^tf holf-bound, entitled )^5jTt 

J " OUTLIXEB OF MODEKM FiKMINO." JW™12>. *W^^ 

£ LANDED ESTATES MANAGEMENT. By E. Scott $J$&' 

S BuEM. 23. 6d, ; cloth boards. 3a. ^-^yl 

?. FARM MANAGEMENT AND THE ORGANIZA- iQ^VSn 

'v TION OF FASH LABOUE. By R. Scott Bdk.-<, "- '' '^'' 

SL The above (ico lolumes, bou«d togethir, 6j. 

5 SHEEP; THE HISTORY, STRUCTURE, 

^ NOMY, ASJ) DISEASES OF. By W. C. Spooner, B 

^ &c. Fourth Edition. Bnlorged. 3b. Oi. ; cloth boarde, 

a SUBURBAN FARMING. By the late Professor 

% ALnsox and B. Scott BiiRy. 3b. 6d. ; cloth boarda, 4b. 

* THE HAY AND STRAW MEASURER: Being New 

y- TEiblBB !t>T thfi Use of Aufltioneere, Valuei-a, FAnnere, Hay and 

SI Straw DaEilBrs, &e. By John Steble. Fourth Editioa. is. 

S THE TREE PLANTER AND PLANT PROPAGA- 

^ TOJl ; a Practical Manual on tha Prop igatioQ of Forest Had 

y Fruit Trcca, Shruhfl, ie. By S. Wooo. ie. ; cloth boards, 2a. 6d. 

£ THE TREE PRUNER: a Practical Maoiial on the 

=( Pruning of Fruit Trees, Shtuba,&o. By Samuel Wood. 12mo., 

^ 2a. ; cloth boaids, Za. 6d. 

ii T/ie ttbote two volumis, haand toijethcT, 5s. 

\ FRUIT TREES: The Seientiiic and Profitable Coltnre 

M of. From tha French of Dn Bkbuil, roTiaad by Geo. Qlbbkt. 

% 1ST WoodcutB. 3a. 6d.; cloth bonrda, 4b. 

THE ART OF GRAFTING AND BUDDING. By 

? Chableb Baltet. With Illuatrationa. 2b. 6d. ; cloth boarda, 3a. 

M THE KITCHEN AND MARKET GARDEN. By 

5 Contribulora to " The Garden." Compiled by C.W. SHAW.Edifor 



M Geobqe M. F. Glbsnt. la. 6d, ; cloth boards, 2a. i^Y ^5 

q. COTTAGE GARDENING; or, Flowera, FruitB, and ^'^h 

^' VegotaUta for Small GardonB. By E. Hobday, la. 6d. ^^-^vS 

I GARDEN RECEIPTS. Edited by C. W. Q™. la.Gd. i^^s] 

? CSOBBT LOCZWOOS ft CO., 7, BTATlOMEaS' HALIi OOHBT, E.G. Jft" Sfr' 




^i^ . A SELECIIOH FBOK W£AIB'S SSItlEB. 

^<S MISCELLANEOUS VOLUMES. 

1^5^ J DICTIONARY OF TERMS used in ARCHITE 
'^^S TUBE. BUILSINO, IlXOmHESWa, MININB, METX 
%j\ LUEO Y,A£CH^0Z0OT.tki FINE ARTS, %e. ByJ.l 
Tri Fifth Edition. Bv RoBSRT Hunt, F.K.S. fie. limp; 6b, 

^ THE LAW OF CONTRACTS FOR WORKS AND 
°^S 3£B VICES. By David QiBBOKS. Third Edition, reyised and 
rV^ considerably enlarged. 3s. : cloth boarda, 3b. Bd. ' 

kS MANUAL OF DOMESTIC MEDICINE. By R. 
^^^ GooDiKQ, B.A., M.D. Intended na a Family Guide in all Coses ^ 
eJtf of Accident and Emergency. 2a.; cloth bosrda, 2b. 6d. ■fci^ 

f»c5 MANAGEMENT OF HEALTH. A MaBual of Home ^*- 
Tc^ and Personal Hygiene. By the Rev. James BAinn, B.A. 

Jcra THE HOUSE MANAGER: being e. Guide to J 
a'^S keeping ; Practical Cookery, HonsehoH Work, Dairy Manage- 
r'^ ment, the Table and Dessert, Cellarage of Wines, the Boudoir »y^"-v 
Xc2, ""^ Dressing-room, Stable Economy, Gardening Operationa, &0. '3VS 
^"ST 2/ ^ Old House KEEPHtt, 3a. 6d. ; cloth boarda, 4a. i_* 

L.'»' HOUSE BOOK {The). Comprieing :— I. The Houbb i 
}yC^ Manaqek. By An Old Housexkepbh. II. DoMESi'icMEDicniH. \ 
i^^Z By Rali'h GooDiKG, M.D. III. Management op Health. ; 
-*^ By Jameb Baird. In One Vol., atrongly half-bonnd. 

"-'M FINE ARTS. 

p^ ELEMENTARY DECORATION: A Guide to the ] 
'" " Simpler Forms of Evemlay Art, as applied to the Interior and 
Exterior Decoration of Dwelling Houses, Sec, By J. W. Facet, 
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•I 

from Designs by the Author. 2a. "JT-^! 

■1 GRAMMAR OF COLOURING, a.-p^\ied to Decora- '^§ 

tive Painting and tho Arta. By GEonaa Field, New Edition, cjirv^, 

enlarged, and adapted to the Use of tho Ornamental Painter and iVrGf 

Deaigner. By Elltb A. Daviosok. Sb. ; cloth boai-da, 3a. Hd. VC,*"^ 

• PAINTING POPULARLY EXPLAINED, including Trt". 
Freaco, Oil, Mosaic, Water Colour, Water-Qlaas, Tempera, -^^ ■ 
Encaustic, Miniftture, Painting on lyory. Vellum, Pottery, 
" mel, Glass, &c. By T. J. GOLLICK, aeaiated by J. Tiubb, 
A. Foiu'th Edition, enlarged, fis. ; cloth boarfa, 6a. 6d. 
PERSPECTIVE FOR BEGINNERS: adapted to 
■ijLi: Young Students and Amateurs in Architecture, Fainting, to. 
-^•^ By G. Pthb. Woodinta. 2s. 

■:J:% GLASS STAINING, AND THE ART OF PAINTING 

'£* ON GLASS. From the Gorman of Dr. Gesseet and Emanubl 

Otto Fkombbro. With an Appendix on Enamelling. 2s. 6d. 

MUSIC, A Rudimentary and Practical TreatisB o 

G. C. Spenceo. 2a. 6d. «>,-« 

PIANOFORTE, The Art of Playing the ; with numorons ?« ^ 

^ -•- - jnd Lessons. By C, C. Spemckb. Is. 6d. (^-^ 

"" -NOFORTE. In one vol., Ss. S^-^ 
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